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Region  Staff  and  RESG  engineers  - whose  normal  work  is  representing  the  U.S. 
Government's  interests  in  the  contract  construction  of  EOCs  under  matching  funds  - 
with  combined  nuclear  effects  slanting  (design  modifications)  of  such  EOCs,  espe- 
cially for  air  blast  resistance;  they  were  held  at  the  DCPA  Staff  College,  Battle 
Creek.  The  Project  Leader,  H.  L.  Murphy,  was  a consultant-lecturer  backing  up  the 
course  director,  Thomas  P.  Carroll.  Generally,  Mr.  Carroll  introduced  each  subject 
area  using  the  TR-20  Vol.  4 DRAFT  as  a basic  source,  and  in  a lecture  following 
soon  thereafter  Mr.  Murphy  discussed  the  subject  in  terms  of  full  slanting  with 
reference  made  to  pertinent  portions  of  the  3-volume  slanting  guidance  handout,^ 
as  well  as  to  special  lecture  topics. 

Complete  notes  on  most  of  the  special  lecture  topics  are  in  Appendix  A. 
Consultation  Guidance/Assistance 


There  were  many  informal  discussions,  mostly  telephonic,  with  or  through  stu- 
dents from  the  above  courses,  which  amounted  to  consultation  on  potential  applica- 
tions of  full  slanting  to  EOCs.  There  were  a few  field  cases  where  a report  was 
made  to  DCPA;  selected  correspondence  is  in  Appendix  C. 

Findings/Conclusion 

The  following  findings  seem  to  have  been  demonstrated  during  the  course  of  the 
project  work  in  either  lecturing  or  consultation  assistance  or  both: 

1.  To  minimize  the  cost  of  combined  effects  or  full  slanting  especially 

the  addition  of  blast  resistance  to  the  accepted  fallout  protection,  design  pro- 
fessionals must  think  along  those  lines  from  the  very  first  stage,  and  must  be 
educating  the  policjrmakers  to  do  the  same,  with  help  from  DCPA/RESG  staff  profes- 
sional engineers  and  architects.  "^tciceh^e  ^ 

2.  The  value  of  the  two  special  P.C.  courses  offered  was  clearly  shown 
by  subsequent  events. 

3.  There  is  apparently  a need  for  technical  guidance  on  the  engineered, 
as  well  as  expedient,  blast  upgrading  of  existing  structures. 

4.  If  combined  effects  protection  is  to  be  moved  forward,  then  more  of 
the  kind  of  simplif ication/predeslgn  work  represented  herein  and  in  References  5 
and  6 and  their  like  must  be  done. 

It  is  wholly  unreasonable  to  expect  engineers  whose  work  is  supervising  A&E 
and  construction  contracts,  to  be  structural  engineers  and  expert  in  handling  dy- 
namic loadings  and  other  nuclear  weapons  effects.  They  should  have  specialized  ' 
help  available  whenever  needed.  Costs  are  small  and  savings  are  potentially  slg- 
nificant  in  amount  and  professional  time. 
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SUMMARY 


7 his  -Th^project  was  devoted  to  providing  consultation  and  lecture  guid- 
ance on  applications  o£  combined  nuclear  effects  slanting  techniques  to 
new  basements  The  bulk  of  the  report  consists  of  several 

appendices  that  publish  additional  slanting  guidance ^ found  needed  or 
useful  while  providing  the  consultation  and  lecture /^slstance.  ^ The  new 
guidance  has  been  cs<niirranged  that  It  may  be  added  to  the  previously 
published  guidance. 

Lecture  Guidance/Assistance  ^ ^ 

>Two  special  lecture  courses  were  given 'for  the  i>urpose  of^lfamlllar-' 
Isfaig^DCPA  Region  Staff  and  RESG  englneer%x.t^whose  normal  work  Is  repre- 
senting the  U.S.  Government's  Interests  In  the  contract  construction  of 
EOCs  6itda>  matching  funde^Tewlth  combined  nuclear  effects  slanting 
(design  modifications)  of  suc^EOCs,  especially  for  air  blast  resistance. 
,''The  first  of  two  special  Protective  Construction  courses  was  held  at  the 
DCPA  Staff  College  3-14  November  1975;  a DRAFT  revision  of  DCPA's  TR-20 
(Vol.  4)  Nov.  1975  was  given  trial  use  with  a class  of  eleven  engineers, 
nine  from  RESGs,  plus  one  each  from  DCPA  headquarters  and  the  Office  of 
the  Chief  of  Engineers,  U.  S.  Army.  A second  course  was  held,  April  26- 
May  7,  1976,  with  a class  of  ten  engineers.  In  both  courses,  the  Project 
Leader,  H.  L.  Murphy,  was  a consultant-lecturer  backing  up  the  course 
director,  Thomas  P.  Carroll.  Generally,  Mr.  Carroll  Introduced  each  sub- 
ject area  using  the  TR-20  Vol.  4 DRAFT  as  a basic  source,  and  In  a lec- 
ture following  soon  thereafter  Mr.  Murphy  discussed  the  subject  In  terms 
of  full  slanting  with  reference  made  to  pertinent  portions  of  the  3-volume 
\ slanting  guidance  handout,  as  well  as  to  special  lecture  topics,  the 
write-up  of  which  the  body  of  ^Is  report.^  Mr.  Murphy  led 

'^^ach  course  attende^through  the  labter^-m^ands-on,  personal  use  of  time- 
sharing computer,  stored  programs  on  blast  slanting  design  of  a R/C  one- 
way slab  and  a wood  beam.  / 


Complete  notes  on  most  of  the  special  lecture  topics  are  In  Appendix 
A hereto.  The  notes  are  paginated  for  addition  to  Reference  81,  but  will 
only  fit  Into  the  pagination  if  the  continuity  and  correction  pages  of 
Appendix  B hereto  are  also  used. 


Consultation  Guidance/Assistance 

There  were  many  Informal  discussions,  mostly  telephonic  of  course, 
with  or  through  students  from  the  above-described  courses,  sometimes 


* Superscript  numerals  are  related  to  REFERENCES  listed  at  the  end  of 
this  Summary. 
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jointly  or  separately  with  their  supervisors  or  colleagues,  which  dis- 
cussions amounted  to  consultation  on  potential  application  of  full  slant- 
ing to  an  EOC.  There  were  a few  field  cases  where  a report  was  made  to 
Mr.  G.  N.  Sisson,  DCPA  headquarters,  and  they  constitute  all  of  the  really 
significant  cases.  They  were  summarized  In  the  last  of  the  contract 
Quarterly  Progress  Reports  and  selected  pertinent  correspondence  Is  in- 
cluded In  Appendix  C hereto. 

Findings/Conclusion 

The  following  findings  seem  to  have  been  demonstrated  during  the 
course  of  the  project  work  In  either  lecturing  or  consultation  assistance 
or  both: 


1.  To  minimize  the  cost  of  combined  effects  or  full  slanting 
especially  the  addition  of  blast  resistance  to  the  accepted  fallout  pro- 
tection, design  professionals  must  think  along  those  lines  from  the  very 
first  stage,  and  must  be  educating  the  policymakers  to  do  the  same.  It 

Is  Intended  that  DCPA  staff  professional  engineers  and  architects.  Includ- 
ing such  professionals  available  In  RESGs,  be  given  sufficient  training 
(as  they  were  In  each  of  the  two  special  Protective  Construction  (P.C.) 
courses  described  above)  so  that  they  can  recognize  an  opportunity  for 
full  protection  In  a particular  building  situation,  argue  convincingly 
for  consideration  of  combined  effects  protection,  and  know  when  to  re- 
quest some  specialized  consulting  help  to  back  them  up. 

2.  The  value  of  the  two  special  P.C.  courses  offered  was 
clearly  shown  by  subsequent  events  wherein  all  of  the  EOCs  known  to  have 
been  brought  up  for  the  addition  of  blast  slanting  came  from  students  at 
the  two  P.C.  courses,  directly  or  Indirectly  but  mostly  the  former. 

3.  There  Is  apparently  a need  for  technical  guidance  on  the 
engineered,  as  well  as  expedient,  blast  upgrading  of  existing  structures, 
most  particularly  in  the  many  existing  EOCs.  This  Is  a tough  technical 
nut  to  crack  In  R/C  structures  and  worse  In  masonry  structures.  Research 
work  is  underway  on  this  matter. 

4.  If  combined  effects  protection  Is  to  be  nioved  forward  In 
numbers  of  EOCs  or  other  buildings,  either  In  terms  of  actual  construction/ 
conversion  now,  or  preparation  for  future  construction/conversion,  then 
more  of  the  kind  of  slmpllf Icatlon/predeslgn  work  represented  herein  and 

In  References  5 and  6 and  their  like  must  be  done.  A national  reservoir 
of  engineers  trained  for  this  kind  of  structural  design  simply  does  not 
exist,  as  It  does  with  fallout  shelter  analysts. 

One  must  reach  the  conclusion  that  It  is  wholly  unreasonable  to 
expect  engineers,  whose  dally  work  Is  supervising  A/E  and  construction 
contracts  plus  keeping  abreast  of  technical  matters,  fund  regulations 
and  related  admlnlstrlvla,  to  also  be  not  just  competent  structural 
engineers  but  expert  In  a very  specialized  field  of  structural  engineer- 
ing Involving  the  handling  of  dynamic  loadings  and  other  technical 
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matters  related  to  nuclear  weapons  effects  on  structures.  In  short,  they 
can  be  expected,  through  training,  to  have  some  working  familiarity  with 
such  special  fields,  but  should  have  available  to  them  some  specialized 
help  when  and  as  needed.  Costs  are  small  and  savings  are  potentially 
significant  In  amount.  In  a survey  made  by  headquarters  staff  personnel, 
all  Regional  Directors  supported  the  need  for  the  specialized  training 
and  availability  of  specialized  technical  help.  Similarly,  several 
Regional  Offices  have  reiterated  their  support  of  the  need  for  on-call 
specialized  technical  help,  as  Indicated  by  Informal  telephone  conversa- 
tions and  In  some  cases  In  writing  (Appendices  C and  D) . 
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Note 

Every  effort  has  been  made  to  ensure  the  accuracy  of  all  guidance 
and  programs  Included  herein.  However,  no  warranty,  expressed  or  Im- 
plied, Is  made  as  to  the  recommended  procedures  or  programs.  The 
reader-user  Is  expected  to  make  the  final  evaluation  as  to  the  usefulness 
of  all  material  contained  herein.  Recommendations  made  herein  should  not 
be  substituted  for  the  knowledge,  experience,  and  judgment  of  the  pro- 
fessional engineer  or  architect,  but  should  be  treated  as  guidance  for 
consideration  by  the  professional,  regarding  the  best  method  of  achieving 
specific  design  goals. 
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SUMMARY 


FINDINGS  AND  CONCLUSIONS 


Project  Purpose  and  Scope 

Because  the  project  was  devoted  to  providing  consultation  and  lecture 
guidance  on  applications  of  combined  nuclear  effects  slanting  techniques 
to  new  basements  (all  EOCs) , the  body  of  this  report  is  appropriately 
short;  instead,  the  bulk  of  the  report  consists  of  several  appendices 
that  publish  additional  slanting  guidance,  found  needed  or  useful  during 
the  providing  of  the  consultation  and  lecture  assistance.  The  new  guid- 
ance has  been  so  arranged  that  it  may  be  added  to  the  previously  published 
81* 

guidance . 

The  project  has  been  concisely  described  in  Quarterly  Progress  Re- 
ports as  follows; 

"Briefly  stated,  this  project  calls  for  engineering  consultation 
and  lecturing  services  on  the  application  of  combined  nuclear  weapons 
effects  or  full  slanting  (i.e.,  building  design  modifications),  espe- 
cially for  air  blast,  to  . . . Emergency  Operating  Centers  (EOCs)  under 
design  by  architects/engineers  (A&Es).  Such  services  Include:  providing 

assistance  directly,  as  well  as  through  lecturing  in  two  DCPA  Staff  Col- 
lege courses,  in  the  training  of  professional  personnel  in  the  DCPA  RESGs 
in  full  slanting,  using  written  guidance  developed  in  completed  DCPA/SRI 
research  projects;  developing  additional  guidance  as  needed,  but  specif- 
ically including  design  procedures  for  two-way  and  flat  slabs,  numerical 
methods,  and  tabular  or  graphical  solutions  to  both  column  and  wall  in- 
teraction equations;  providing  consultation  assistance  to  A&Es  designing 
EOCs,  under  coordination  arrangements  through  the  Contracting  Officer's 
Technical  Representative  (COTR) ; and,  collaborating  with  DCPA  headquarters 
personnel  in  the  preparation  of  material  for  professional  training  courses." 


Lecture  Guidance/Assistance 

Two  special  lecture  courses  were  given  for  the  purpose  of  familiar- 
izing DCPA  Region  Staff  and  RESG  engineers  - whose  normal  work  is  repre- 
senting the  U.  S.  Government's  Interest  in  the  contract  construction  of 

* Superscript  numerals  are  related  to  listings  in  the  REFERENCES  section 
at  the  end  of  Appendix  A. 
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EOCs  under  matching  funds  - with  combined  nuclear  effects  slanting 
(design  modifications)  of  such  EOCs,  especially  for  air  blast  resistance. 
The  two  courses  were  described  In  a recent  Quarterly  Progress  Report  as 
follows : 

"At  a special  Protective  Construction  course,  held  at  the  DCPA  Staff 
College  3-14  November  1975,  a DRAFT  revision  of  DCPA's  TR-20  (Vol.  4) 

Nov.  1975  was  given  trial  use  with  a class  of  eleven  engineers,  nine  from 
RESGs  (representing  all  DCPA  Regions  except  8,  with  three  from  Reg.  4), 
plus  one  each  from  DCPA  headquarters  and  the  Office  of  the  Chief  of  Engi- 
neers, U.  S,  Army.  A second  such  course  was  held,  April  26-May  7,  1976, 
with  a class  of  ten  engineers  (Chief  of  EngServsDlv,  Region  3;  RESG  engi- 
neers from  Regions  1,  2(2),  4(2),  and  6(2);  and  2 USAF  Reserve  LCOLs  on 
MOBDES  ACDUTRA  from  Regions  7 and  8).  In  both  courses,  the  Project  Lead- 
er, H.  L.  Murphy,  was  a consultant-lecturer  backing  up  the  course  director, 
Thomas  P.  Carroll  of  Carroll  Associates,  Bethesda,  Maryland,  also  under 
DCPA  contract.  Generally,  Mr.  Carroll  introduced  each  subject  area  using 
the  TR-20  Vol.  4 DRAFT  as  a basic  source,  and  in  a lecture  following  soon 
thereafter  Mr.  Murphy  discussed  the  subject  in  terms  of  full  slanting 
with  referencg^made  to  pertinent  portions  of  the  3-volume  slanting  guid- 
ance handout.  Mr.  Murphy  led  each  course  attendee  through  the  latter's 
hands-on,  personal  use  of  time-sharing  computer,  stored  programs  on  blast 
slanting  design  of  a R/C  one-way  slab  and  a wood  beam.  The  design  pro- 
grams were  stored  with  the  computer  service  ahead  of  time  and  are  those 
Included  in  the  3-volume  full  slanting  guidance  handout;  the  portable 
terminal  was  taken  to  Battle  Creek  by  Mr.  Murphy.  (Few  of  the  attendees 
admitted  to  having  had  previous  experience  in  using  time-sharing  computer 
services/programs;  in  the  first  course  only  one  attendee  stated  that  he 
had  any  structural  engineering  design  experience,  which  called  for  some 
rapid  replanning  of  the  course  lectures;  in  the  second  course,  career 
experience  levels  in  structural  -engineering  were  similarly  low.)  Mr. 

Murphy  also  gave  lectures  on  selected  special  topics:  two  had  as  an 

attachment  a transmittal  letter,  copies  of , the  two  sets  of  lecture  notes, 
and  the  distribution  list  of  11  students  plus  two  "faculty"  to  whom  the 
notes  were  furnished;  five  other  special  topics  were  Included  in  his  lec- 
tures, covered  by  written  handouts  prepared  prior  to  the  second  course, 
and  all  later  distributed  to  attendees  at  the  first  course  with  one  re- 
vision sent  to  those  in  the  second  course.  . . . Finally,  his  lectures 
also  included  such  topics  as  expedient®^  and  engineered  upgrading  of 
existing  normal  structures  to  improve  their  blast  resistance,  with  an 
invitation  for  fonecalls/informal  correspondence  on  upgrading  needs; 
handling  target  analysis  probabilities,  with  handout;®^  computer  pro- 
gramming/coding/flow-charting, with  handout;  room-filling,  including  jets 
and  a film  thereon;  and,  sequential  slides  of  two  houses  being  broken  up 
in  nuclear  field  tests  (Operation  Cue),  one  each  wood-frame  ranch  and 
two-story  brick." 
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Complete  notes  on  most  of  the  above-mentioned  topics  are  in  Appendix 
A hereto.  The  notes  are  paginated  for  addition  to  Reference  81,  but  will 
only  fit  into  the  pagination  if  the  continuity  and  correction  pages  of 
Appendix  B hereto  are  also  used. 


Consultation  Guidance/Assistance 


There  were  many  informal  discussions,  mostly  telephonic  of  course, 
with  or  through  students  from  the  above-described  courses,  sometimes 
jointly  or  separately  with  their  supervisors  or  colleagues,  which  dis- 
cussions amounted  to  consultation  on  potential  application  of  full  slant- 
ing to  an  EOC.  There  were  a few  field  cases  where  a report  was  made  to 
Mr.  G.  N.  Sisson,  as  required  by  the  project  contract,  and  they  constitute 
all  of  the  really  significant  cases.  They  were  summarized  as  follows  in 
the  last  of  the  contract  Quarterly  Progress  Reports: 

"Specific  clearances,  then  a general  approach,  have  been  previously 
arranged  with  both  the  COTR  and  his  Staff  Director  on  contacting  the 
various  DCPA  Regional  offices  to  learn  of  planned  EOCs  that  include  base- 
ments in  new  construction,  as  candidates  for  reserach  study  and  consulting 
support  in  work  under  this  project  of  applying  combined  effects  or  full 
slanting  to  new  EOCs.  Actual  field  visits  were  each  covered  by  prior  oral 
approval  of  the  COTR.  Experience  clearly  showed  that  all  planned  EOCs 
brought  up  as  slanting  candidates  were  through  the  efforts  of  engineers 
who  attended  either  of  the  two  special  Protective  Construction  Courses 
described  above.  Developments  to  date*  on  this  project  work  are  as 
follows : 

"Region  7:  As  reported  earlier,  contact  was  made  (through  an 
attendee  at  the  November  1975  P.C.  Course)  about  a new  EOC,  then  at  the 
stage  of  concluding  the  preliminary  planning  and  approvals  phase,  for  the 
City  of  Alameda,  California.  It  developed  that  it  was  too  late  to  con- 
sider incorporating  full  slanting  in  this  structure.  Copies  of  reports 
and  of  the  closing  letter  from  the  Regional  Director,  DCPA  Region  7,  were 
attached  to  the  Quarterly  Progress  Report  of  April  16,  1976."^ 

"Region  6:  As  reported  earlier,  contact  was  made  first  with  an 

engineer  suggested  by  Mr.  Sisson;  the  engineer  in  turn  arranged  for  a 
fonecon  discussion  with  the  Director  of  Technical  Services,  Mr.  Lyle  Hebb. 
The  latter  fonecon  developed  that:  The  A&E  for  two  existing  EOCs  (Kansas 

State  and  Grand  Forks)  had  managed  to  include  some  blast  slanting  at  no 


* August  13,  1976. 

t Pertinent  copies  are  Included  in  Appendix  C hereto. 


3 


additional  cost  through  use  of  some  Innovative  Ideas.  Region  6 has  sev- 
eral Instances,  however,  where  they  need  engineered  upgrading  of  existing 
EOCs,  mostly  In  basements,  but  they  had  no  new  EOC  candidates  for  use 
under  this  project. 

"Region  5:  First  discussion  of  applying  full  slanting  to  a 

planned  underground  addition  to  the  existing  State  of  Texas  EOC  at  Austin 
was  between  Mr.  Sisson  and  Mr.  Ray  Burke,  Director,  Engineering  Services, 
Region  5,  following  which  Mr.  Burke  called  the  Project  Leader  for  this 
project  (12/17/75).  Developments,  slow  at  first,  but  getting  Into  the 
project  submittal  stage  from  (state)  Disaster  Emergency  Services  (Texas 
DES)  to  their  Department  of  Public  Works,  culminated  In  a meeting  on 
12  April  1976  of  the  Project  Leader  with  DCPA  Region  5 personnel  (Messrs. 
Burke  and  Chas.  V.  Dansby  of  their  RESG)  In  the  forenoon  (while  enroute 
by  government  auto  from  Dallas  to  Austin)  and  of  both  with  Mr.  Frank  T. 
Cox,  Deputy  State  Coordinator,  Texas  DES,  In  the  afternoon.  Developments 
on  this  project  caused  preparation  of  the  paper  that  became  a handout  at 
the  second  P.C.  course  mentioned  above;  the  paper  Is  one  of  those  attached 
hereto,  . . . (Arch  and  Conduit  Structures  - Corrugated-Steel  and  Rein- 
forced Concrete)  . . . The  meeting  with  Mr.  Cox  covered  both  rectilinear 
and  the  arch/condult  structures,  but  the  latter  seemed  to  offer  the  most 
Interest  for  those  present  toward  meeting  the  Texas  State  EOC  expansion 
need . 


"Region  4:  First  discussion  of  consulting  assistance  came  on 

4/27/76  from  Mr.  Bruce  R.  Newhard  (RESG,  Region  4),  a student  In  the 
first  P.C.  course,  the  call  coming  while  the  second  P.C.  course  was  going 
on.  The  subject  was  expansion  (approximately  10,000  sf)  of  the  existing, 
blast-resistant  EOC  for  Stark  County,  Ohio,  located  In  Canton.  Again  the 
above-mentioned  arch/conduit  structures  parser  evinced  considerable  inter- 
est, at  a meeting  where  architectural,  structural,  mechanical  and  electri- 
cal professional  disciplines  were  represented.  Copies  of  correspondence^ 
attached  hereto  fully  describe  the  meeting  at  Canton  on  June  18,  1976, 
and  the  follow-up  supply  of  documents  and  Information.  Again,  the  meet- 
ing was  held  at  the  right  time  - during  the  early  thinking  stage  wherein 
all  persons  concerned  are  open  to  fresh  and  alternative  approaches. 

"Further  contact  work  was  planned  but  project  funds  were  too 
limited  for  further  field  trips.  There  Is  a very  real  need  for  special- 
ist back-up  to  be  continually  available  to  the  Regional  Offices,  includ- 
ing RESGs." 

More  recent  Information,  based  on  admittedly  preliminary  estimates. 
Indicates  that  the  corrugated-steel  arch/conduit  underground  structures 


* Included  In  Appendix  A hereto,  and  prepared  at  the  suggestion  of 
Mr.  G.  N.  Sisson  of  DCPA  Headquarters, 
t Pertinent  copies  are  Included  in  Appendix  C hereto. 
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will  cost  less  (offering  Inherent  50  to  60  psi  blast  overpressure  protec- 
tion, based  on  field  tests)  than  rectilinear  structures  (designed  for  15 
to  30  psi) . 

Findings /Conclusion 

The  following  findings  seem  to  have  been  demonstrated  during  the 
course  of  the  project  work  in  either  lecturing  or  consultation  assistance 
or  both: 

1.  To  minimize  the  cost  of  combined  effects  or  full  slanting, 
especially  the  addition  of  blast  resistance  to  the  accepted  fallout  pro- 
tection, design  professionals  must  think  along  those  lines  from  the  very 
first  stage,  and  must  be  educating  the  policymakers  to  do  the  same. 

Almost  without  exception,  DCPA  professional  engineers  and  architects, 
including  such  professionals  available  in  RESGs,  are  performing  engineer- 
ing administration  functions,  such  as  managing  design  and  construction 
contracts,  and  have  difficulty  finding  time  to  keep  abreast  of  normal-use 
building  design  practices,  if  they  can  do  so  at  all  (e.g.,  ultimate 
strength  versus  working  stress  design  in  R/C  is  a glaring  example).  This 
is  no  indictment  of  these  professionals  - they  are  simply  not  working  in 
engineering  design,  but  in  construction  or  other  technical  administration 
requiring  application  of  engineering  knowledge.  To  further  expect  these 
professionals  to  know  and  be  able  to  apply  engineering  design  techniques 
for  special,  time-varying  loads  on  structures  to  be  stressed  far  beyond 
their  rebound/re-use  strength  (i.e.,  a "one-shot"  performance)  is  un- 
reasonable. What  can  be  expected  is  that  a substantial  number  of  the 
engineers  handling  design/construction  contracts  for  shelter  can  be  given 
sufficient  training  (as  they  were  in  each  of  the  two  special  Protective 
Construction  (P.C.)  courses  described  above)  so  that  they  can  recognize 
an  opportunity  for  full  protection  in  a particular  building  situation, 
argue  convincingly  for  consideration  of  combined  effects  protection,  and 
know  when  to  request  some  specialized  consulting  help  to  back  them  up. 

[It  is  understood  that  engineers  competent  in  structural  engineering 
design  work  are  simply  unavailable  for  hiring  in  the  job  levels  and  clas- 
sifications being  offered  by  DCPA  Regional  Offices  and  RESGs.] 
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2.  The  value  of  the  two  special  P.  C.  courses  offered  was  clearly 
shown  by  subsequent  events  wherein  all  of  the  EOCs  known  to  have  been 
brought  up  for  the  addition  of  blast  slanting  came  from  students  at  the 
two  P.  C.  courses,  directly  or  indirectly  but  mostly  the  former. 

3.  There  is  apparently  a need  for  technical  guidance  on  the  engi- 
neered, as  well  as  expedient,  blast  upgrading  of  existing  structures, 
most  particularly  in  the  many  existing  EOCs.  This  is  a tough  technical 
nut  to  crack  in  R/C  structures  and  worse  in  masonry  structures.  Nonethe- 
less, research  work  is  underway  on  this  matter,  now  in  a second  phase  at 
SRI  and  elsewhere.  It  is  not  at  all  difficult  to  perceive  that  no  magic 
wand  answers  will  be  found;  Instead  they  may  be  costly,  difficult  to 
apply  and/or  inconvenient  in  use  (such  as  in  reduced  clear  space  or  spans). 

4.  If  combined  effects  protection  is  to  be  moved  forward  in  numbers 
of  EOCs  or  other  buildings,  either  in  terms  of  actual  construction/conver- 
sion now,  or  preparation  for  future  construction/conversion,  then  more  of 
the  kind  of  simplification/predesign  work  represented  herein  and  in  Ref- 
erences 81  and  82  and  their  like  must  be  done.  A national  reservoir  of 
engineers  trained  for  this  kind  of  structural  design  simply  does  not 
exist;  in  this  connection,  one  should  recall  the  tremendous  effort  put 
into  training  fallout  shelter  analysts,  which  is  a very  simple  field  of 
technical  work  by  comparison  to  blast-resistant  design  of  structures. 

One  must  reach  the  conclusion  that  it  is  wholly  unreasonable  to 
expect  engineers,  whose  daily  work  is  supervising  A/E  and  construction 
contracts  plus  keeping  abreast  of  technical  matters,  fund  regulations 
and  related  admlnlstrlvla,  to  also  be  not  just  competent  structural 
engineers  but  expert  in  a very  specialized  field  of  structural  engineer- 
ing involving  the  handling  of  dynamic  loadings  and  other  technical  matters 
related  to  nuclear  weapons  effects  on  structures.  In  short,  they  can  be 
expected,  through  training,  to  have  some  working  familiarity  with  such 
special  fields,  but  should  have  available  to  them  some  specialized  help 
when  and  as  needed.  Costs  are  small  and  savings,  if  strengthened  EOCs 
are  a serious  matter,  are  potentially  significant  in  amount.  In  a survey 
made  by  headquarters  staff  personnel  prior  to  the  award  of  the  contract 
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for  which  this  is  the  final  report,  all  Regional  Directors  supported  the 
need  for  the  specialized  training  and  availability  of  specialized  tech- 
nical help,  as  described  above.  Similarly,  several  Regional  Offices  have 
reiterated  their  support  of  the  need  for  on-call  specialized  technical 
help,  as  indicated  by  informal  telephone  conversations  and  in  some  cases 
in  writing  (Appendices  C and  D) . 
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Note 

Every  effort  has  been  made  to  ensure  the  accuracy  of  all  guidance 
and  programs  included  herein.  However,  no  warranty,  expressed  or  Implied, 
is  made  as  to  the  recommended  procedures  or  programs.  The  reader-user  is 
expected  to  make  the  final  evaluation  as  to  the  usefulness  of  all  material 
contained  herein.  Recommendations  made  herein  should  not  be  substituted 
for  the  knowledge,  experience,  and  judgment  of  the  professional  engineer 
or  architect,  but  should  be  treated  as  guidance  for  consideration  by  the 
professional,  regarding  the  best  method  of  achieving  specific  design 
goals . 


Appendix  A 

ADDITIONAL  TYPICAL  DESIGNS  AND  MISCELLANEOUS  DESIGN  TECHNIQUES 
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COST  ESTIMATING  FOR  COMBINED  EFFECTS  SLANTING 


1 Form  of  the  Estimate 


a.  Work  Items,  Reference  Plans  and  Detail  Sketches 


The  first  document  of  importance  is  not  really  a form,  but  is  the 
brief  description  of  the  various  jobs  included  in  one  work  item.  This  work 
item  list  shows  which  work  is  included  in  a particular  estimate  and  forms 
the  basis  for  cost  summaries.  There  is  no  particular  format  required,  but 
it  should  be  much  simpler  than  the  itemized  estimates. 

The  reference  plans  are  the  drawings  that  locate  and  show  the  extent 
of  the  work  required  in  the  slanting  effort.  These  plans  may  be  as  simple 
as  marked-up  copies  of  the  architect's  initial  schematic  drawings  or  as 
detailed  as  the  architect's  and  engineer's  contract  drawings  for  an  alter- 
native bid.  Their  principal  value  is  to  show  everybody  involved  the  basis 
of  the  quantities  used  for  the  cost  estimates  and  to  provide  a visual 
check  list  of  the  modifications  to  assure  completeness  of  the  slanting 
design.  In  Chapter  8 of  the  basic  reference^^are  floor  plans  (for  exam- 
ple Fig.  8-2  and  Fig.  8-2A)  comparing  the  original  design  (8-2)  with  the 
slanted  design  (8-2A) . The  work  items  are  indicated  by  Key  numbers. 

The  detail  sketches  are  prepared  to  define  the  modified  design  of 
selected  items  as  necessary  to  meet  the  blast  effects  or  post-blast  opera- 
tional requirements.  These  are  both  the  engineers'  design  statement  and  the 
definition  of  the  construction  work  involved.  Typical  of  these  detail 

Q J 

sketches  are  those  for  the  various  blast  door  details  as  shown  in  Figure 
8-OE. 


b.  Take-Off  Sheets 

When  an  item  of  the  slanting  work  has  been  identified  and  designed, 
then  a materials  and  labor  Take-Off  Sheet  is  prepared,  which  records  the 
dimensions,  weights,  count  and  calculation  of  quantity  for  each  assembly, 
so  that  the  estimate  can  be  reviewed  and  verified.  An  example  of  the  Take- 
Off  Sheet  is  shown  as  Figure  6-lA.l 

c . Estimating  Form 

The  estimating  form  Is  the  working  paper  for  all  slanting  estimates. 
On  it  is  recorded  each  cost  item,  its  unit  of  measure,  unit  prices,  labor 
cost,  material  cost,  cost  of  equipment,  and  mark-ups  for  overhead  profit 
and  taxes.  It  is  important  that  this  be  a standard  form  used  througout  the 
estimate.  An  example  is  shown  in  Figure  6-1A.2 
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2 Procedures 


a.  Incremental  Costs 


Most  of  the  cost  estimatinp;  of  slanting  can  be  done  by  calculating 
the  amount  to  be  added  to  the  original  cost  estimate.  The  costs  for  the 
additional  quantity  of  work  may  simply  bo  the  addition  of  a few  Inches  more 
of  concrete,  more  steel  per  cubic  foot,  more  expense  for  solid  core  doors 
instead  of  normal  hollow  core  doors,  etc.  An  example  of  this  process  is 
taken  from  the  Building  3 Slanting  estimate.  Most  of  the  slanting  computa- 
tions will  be  done  for  a particular  work  item  or  group  of  tasks  that  go 
together  by  the  very  nature  of  the  work,  such  as  everthing  involved  in 
thickening  a floor  slab  or  that  goes  together  as  a convenient  grouping  of 
like  items,  such  as  all  blast  doors.  See  Figures  6-1A.3  and  S-lA.-l 

b . Complete  I tern  Cost  Estimates 

It  is  sometimes  necessary  to  make  complete  cost  estimates  for  one 
item  of  work,  as  originally  designed  and  then  as  designed  for  slanting. 

This  is  necessary  when  significant  changes  in  column  spacing  are  made,  as 
in  Building  T (Ref. 81).  This  results  in  wholesale  differences  in  the  cal- 
culations of  tormwork , shoring,  concrete,  rebars,  stripping  and  finishing. 
The  net  differences  may  prove  to  bo  minor,  but  this  cannot  be  known  for 
sure  until  the  two  estimates  are  compared.  The  comparative  estimate  is 
also  appropriate  when  the  slanting  work  involves  a variety  of  reductions 
in  the  originally  designed  work.  In  some  cases  it  may  be  possible  to  use 
a prior  estimate  of  the  original  design  for  the  comparison,  but  only  when 
it  is  known  that  the  quantity  take-offs  and  unit  prices  are  for  comparable 
work.  Sec  Figure  6-1A.5. 

c . Summation  and  Mark-Up  Calculations 

In  any  of  the  work  items  there  will  be  a variety  of  line  items 
that  are  all  set  by  the  same  dimension.  For  example,  if  the  dimensions  of 
a tec-slab  are  changed,  it  will  affect  concrete  yardage,  forming,  stripping 
and  finishing.  It  may  also  bo  concurrent  with  changes  in  steel  reinforce- 
ment. All  of  these  related  items  should  be  carried  as  a package  or  work- 
item.  Each  different  cost  or  line  item  should  be  calculated,  then  they 
should  all  be  added  together  and  the  contractor’s  mark-ups  added  at  the 
appropriate  rates  for  labor  burden,  sales  taxes,  and  any  carrying  charges 
on  materials  and  additional  charges  on  equipment  rentals.  Next  the  incre- 
ment of  cost  for  the  office  overhead  and  profit  is  added  and  after  that 
the  rate  for  the  completion  bond.  These  mark-ups  have  been  found  to  cause 
significant  differences  In  the  final  cost  estimates  of  the  slanting  effort 
when  compared  with  early  estimates  of  construction  costs.  However,  to 
underestimate  the  cost  of  slanting  is  apt  to  cause  much  difficulty  before 
the  project  is  closed  out. 
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FIGURE  6-1A.3  TAKE-OFF  EXAMPLE 
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The  pattern  of  mark-ups  is  generally  similar  to  the  following,  although 
it  will  vary  for  different  contractors: 


Labor  Material 


Subcontract  Total 


Subtotal s 

Ll 

Ml 

^1 

Labor  Burden 

+35% 

Sales  Tax 

+ 5% 

Subcon  trac  tor's 

Mark-up 

Included 

Subtotals 

Lg 

“2 

«2 

Contractor's  OH 

Profit 

+10% 

+10% 

+10% 

Contractor ' s 

Total 

“3 

S 

3 

Bond 


Contract  Price 


T 


1 


■^2 

+ 10% 


3 

+Mi 


The  summary  is  similar  to  the  various  tables  in  the  basic  referenc<.>j^^ 
such  as  Table  8 . 3A  and  Table  8,0A.  The  first  table  is  a comparative  sum- 
mary for  Bldg.  3 at  different  overpressures.  The  second  is  the  combined 
report  on  8 cases  at  the  15  psi  overpressure.  This  latter  one  would,  for 
any  one  project,  be  an  effective  summary  for  presenting  the  slanting  study 
estimates . 


d . Sources  of  Estimating  Data 


There  is  a large  number  of  publications  that  can  be  of  assistance 
in  preparing  estimates.  First,  there  are  the  estimating  handbooks  that 
describe  in  considerable  detail  the  several  steps  of  every  building  opera- 
tion and  the  accompanying  cost  factors.  The  detail  presented  is  probably 
much  more  than  needed  for  slanting  estimates.  However,  as  a reference  to 
be  sure  all  major  items  of  cost  are  included  they  can  be  helpful.  The 
best  known  of  these  is  Walker®f  now  in  its  15th  edition. 

The  second  type  of  publication  is  the  annual  volume  of  average  unit 
prices.  The  best  of  this  type  provides  in-place  costs  for  labor  and  ma- 
terial on  some  national  average  (of  20  selected  cities,  for  example)  for 
each  of  the  Important  variables  involved  in  a work  item.  In  addition, 
index  values  of  comparative  cost  are  reported  for  a list  of  major  cities, 
often  by  major  labor  categories.  These  comparative  indices  can  be  very 
important  if  the  absolute  cost  is  an  Important  factor.  Although  the  esti- 
mate may  only  be  comparing  the  slanting  cost  with  the  original  design  - 
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which  may  or  may  not  be  priced  - the  total  of  slanting  costs  is  usually  the 
information  of  most  importance.  Care  must  bo  taken  that  the  cost  data  are 
for  the  appropriate  type  of  construction.  A distinction  is  usually  made 
between  residential,  and  light  commercial  and  industrial  building  costs  on 
one  hand,  and  data  for  major  office  buildings  on  the  other  hand.  This  is 
usually  stated  in  the  publication's  Introduction.  Another  useful  set  of 
data  is  the  comparative  index  for  construction  costs  for  past  years.  It  is 
frequently  necessary  to  review  an  estimate  made  3 to  5 years  ago  and  update 
it  for  a building  project  that  has  been  set  aside  but  is  now  being  recon- 
s idered . 

o e 

Some  of  the  generally  accepted  annual  publications  include  Means” 

86  87  88  ' 

National,  Richardson,  and  Dodge.  Means  offers  an  added  feature  in  its 

twelve-page  list  of  the  range  of  probable  costs  per  square  foot  by  building 
type  and  by  major  subdivisions  of  the  work  in  that  building  typo;  tliese 
data  can  be  useful  as  a check,  on  a broad  basis,  of  the  total  project. 
.National  separates  the  data  for  residential  construction  from  that  for 
commercial  and  industrial.  The  Richardson  3-volume  set  provides  excellent 
detail  and  specific  cost  of  a variety  of  work  and  material  for  the  same 
functional  item;  in  general,  this  may  be  too  detailed  for  the  preparation 
of  slanting  estimates.  The  Dodge  data  are  based  on  the  largest  data  system 
in  the  construction  industry,  maintained  by  McGraw-Hill,  publishers  of 
Engineering  News-Record  and  Architectural  Record,  as  well  as  local  building 
Industry  daily  publications;  the  data  are  simply  presented,  using  the  sys- 
tem of  U.S,  average  prices  with  local  modifiers  for  each  major  trade. 

e . Use  of  Computer  Services 

In  most  slanting  projects  there  is  not  enough  data  being  processed 
in  any  one  area  to  make  it  worthwhile  to  set  up  a new  computer  program, 
even  on  a low  cost  time-sharing  computer  service.  However,  the  use  of  com- 
puters for  construction  estimates  is  becoming  so  well  accepted  tliat  the 
architect  or  the  developer  of  the  property  may  already  have  an  estimate 
program  set  up.  In  that  case  it  would  be  most  useful  in  estimating  slant- 
ing costs.  The  one  proviso  would  bo  that  calculations  used  can  be  examined 
to  verify  the  quantities,  rates,  unit  prices  and  mark-ups. 

A recent  addition  to  the  library  of  building  cost  volumes  is  the  com- 
puterized estimating  service,  which  provides  estimates  that  use  the  data 
available  in  handbook  form,  but  does  the  calculation  and  aggregation  of 
costs  by  computer.  This  feature  is  offered  with  the  Dodge  manuals,  for 
instance.  This  approach  would  be  useful  on  total  project  cost  estimates, 
but  not  on  a series  of  work  items  with  incremental  costs. 
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Rebar  Laps  and  Splices.  If  the  ultimate  or  absolutely  last  bit  of 
blast  protection  potential  (i.e.,  beyond  the  design  overpressure)  is  to 
be  gained  from  R/C  members,  especially  the  cover  slab  over  a basement 
shelter,  all  longitudinal  rebars  (top  and  bottom)  should  be  capable  of 
finally  acting  in  tension.  This  anticipates  that  behavior  just  short  of 
or  at  collapse  will  be  either  in  a tensile  membrane  mode  (like  a suspen- 
sion bridge)  or  yield  line  mode  (along  lines  of  highest  moment,  and  form- 
ing teepees  or  lean-tos,  around  columns  or  along  beams,  respectively). 

(See  the  first  footnote  of  page  6-41.)°-^ 

All  R/C  beam/slab  design  procedures  herein  use  both  top  and  bottom 
steel  layers,  tied  together  by  vertical  stirrups.  The  stirrups  serve  the 
usual  shear /d iagonal  tension  purposes,  as  well  as  to  keep  the  top  steel 
from  buckling  and  breaking  out  when  acting  in  compression  during  large 
downward  deflections. 

For  beams/slabs  at  a simply  supported  end(s),  the  preferred  approach 
would  be  to  simply  extend  all  top  and  bottom  steel  into  the  support(s). 

If  this  is  too  expensive  for  acceptance,  however,  the  alternative  would 
be  to  splice  to  a reduced  bar  size  (preferably  not  more  than  one  bar 
"number,"  or  only  one  "number"  at  a time  if  multiple  reductions  are  con- 
sidered necessary)  at  a point (s)  compatible  with  the  applied  moment  dia- 
gram. The  end  reduced  bars  should  still  be  extended  into  the  exterior 
supports. 

For  beams/slabs  at  a continuous  end(s)  extending  over  a support(s), 
either  approach  just  described  for  simply  supported  ends  could  be  used, 
of  course.  However,  there  would  be  a strong  economic  impetus  for  bending 
up  positive  moment  bottom  bars  to  become  negative  moment  top  bars  over  the 
support (s).  Should  it  be  necessary  to  adopt  the  bentup  bars  approach,  it 
is  recommended  that  a shallow  angle  of  bend  be  used  (preferably  say  20°- 
30°,  but  with  45°  as  a limit),  thereby  reducing  the  larger  elongations 
that  could  happen  as  angles  of  bend  are  made  steeper,  and  facilitating 
action  in  or  near  the  collapse  modes  described  above. 

It  follows  from  the  foregoing  that,  if  all  longitudinal  rebars  are  to 
finally  act  in  tension  and  at  or  near  their  ultimate  strength,  simple  laps 
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cannot  be  used  because  by  then  all  concrete  will  be  badly  cracked,  thus 
all  such  rebars  should  be  so  connected  that  the  full  ultimate  strength  can 
be  developed  in  as  many  bars  as  possible,  certainly  In  the  smallest  bar  of 
each  connected  line  of  reinforcing  steel.  It  might  be  well  to  recall  that, 
for  example,  A615-60  rebars,  used  in  design  procedures  herein  at  72  ksl, 
have  shown  ultimate  strengths  greater  than  100  ksi  in  large  bars  under 
slow  loadings,®^  and  the  100  ksl  could  become  much  larger  under  blast  load- 
ings with  their  rapid  strain  rates.  Thus,  design  that  also  considers  the 
absolute  ultimate  level  of  protection  potential  (in  terms  of  bare  survival 
of  even  some  of  the  shelterees) , which  a basement  shelter  might  afford, 
could  have  a considerable  payoff  should  a nuclear  attack  occur  and  should 
the  shelter  be  subjected  to  an  overpressure  exceeding  that  selected  for 
design. 

Welding  is  expensive  and  difficult  to  inspect  and  control,  generally; 
this  is  especially  true  when  the  goal  is  to  develop  the  full  ultimate 
strength  of  connected  rebars.  This  goal  removes  butt  welding  from  serious 
consideration,  leaving  welding  of  laps  as  the  alternative  that  could  en- 
sure connections  capable  of  meeting  the  goal.  Unfortunately,  adequate 
space  for  such  welded  laps  may  be  unavailable  or  at  least  very  difficult 
to  provide  in  design. 

Mechanical  connectors  are  available  that  can  furnish  rebar  butt 
splices  through  mechanical  means,  not  a weldment.  The  splices  can  pro- 
vide a joint  with  basically  the  same  mechanical  properties  as  those  of, 
and  with  the  same  ultimate  tensile  strength  as,  an  unspllced  bar.  One 
line  of  such  mechanical  connectors,  known  to  the  author  through  profes- 
sional contacts, technical  literature,®^  and  vendor  catalogs,  is  manu- 
factured by  Erico  Products,  Inc.,  34600  Solon  Road,  Cleveland,  Ohio 
qqa 

44139.  Installation  of  these  connectors  requires  no  welding  knowledge 

* Their "mechanical  connector  is  a reinforcing  bar  splice  with  a splice 

sleeve  consisting  of  a thick-walled  steel  tube  with  deformations  ma- 
chined on  the  inner  surface.  The  bars  to  be  spliced  are  inserted 
into  the  sleeve  and  the  space  between  the  bars  and  sleeve  is  filled 
with  molten  iron  produced  by  an  exothermic  chemical  reaction  in  an 
external  crucible.  The  solidified  iron  transfers  the  force  through 
the  splice  by  bond.  The  sleeve  wall  thickness  and  length  are  se- 
lected to  develop  the  desired  force  in  the  spliced  bars."®^ 
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or  skill,  only  a brief  instruction  period;  after  installation,  they  can 
be  visually  Inspected,  adequately  and  without  use  of  radiography.  They 
can  be  Installed  in  vertical,  horizontal  or  sloping  connections.  Other 
lines  of  mechanical  connectors  are  understood  to  be  on  the  market.  Space 
can  also  be  a problem  with  mechanical  connectors  but  less  so  than  for 
welded  laps.  Space  can  be  a lesser  problem  if  the  mechanical  connectors 
are  staggered,  and  such  action  will  reduce  deflections  and  cracking  con- 
centrations.®^ 
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Alternate  Final  Design  Procedure.  This  procedure  Is  no  more  elabo- 
rate - in  fact,  it  is  closely  like  - the  two  preliminary  design  procedures,^ 

O 1 

yet  is  equal  in  precision  to  the  above  final  design  procedure.  The 
distinction  among  the  four  procedures  is  that  this  one*  is  limited  to 
design  parameters  emcompassed  by  Table  6.6A;  the  others  are  not  so  limited. 
Table  6 . 6A  will  handle  only  values  of  fj^  = 52  or  72  ksi,  and  ~ ^ 

or  5 ksi.  It  will  also  handle  specific  values  of  y = 0.45,  0.6,  0.75  and 

0.9.  For  other  y values,  use  of  the  nearest  one  should  be  adequate;  if 
not,  two  designs  may  be  developed  using  y values  above  and  below  the  de- 
sired value,  then  an  interpolated  design  may  be  used. 

The  program  was  tested  by  calculating  many  spot  values  for  comparison 
with  values  in  existing  interaction  tables  prepared  by  ACI^^  and  CRSI^^; 
comparison  results  were  excellent. 

Shown  below  are  both  the  steps  of  the  design  procedure  and  an  example 
problem,  the  same  (simply  supported)  interior  wall  design  problem  used  in 

• X 

the  final  and  preliminary  design  procedure  examples.  ' 


1.  Given  values  for  f^  and  f^^(ksi);  f^jy  (ksi); 
Pgg(psi);  tg(sec);  L(in.);  p=p';  b(ln.);  p;  V7(mt).^ 

2.  Obtain  t^^(sec)  from  approximate  equations  or 
graph  of  Fig.  3-7  (Fig.  3-6  for  definition)  Ref.  2.®^ 

3.  Calculate  first  trial  using  no  vertical  load. 
Assume  value  for  T(sec);  calculate  t^^/T. 

4.  Using  Figure  6-1,  page  11-5  (with  t ./T  = t^^/T 

8 1 

and  Xjp/Xy  = p),  read  p^/q  (=Pn,/9y;  fot  interpolation 
and  reading  of  x^/Xy  “ 1 line  in  Figure,  Pn,/qy  “0.5 
for  tjj/T  > 7.0);  calculate  q,  using  p^  - p^^. 


3;3.75;52; 

15;1.55;144;,D1;1;]  ;1 


0.71 

0.04;  17.8 

0.50 

30 


* For  only  symmetrically  reinforced  walls  (thus  p'“p),  due  to  limitations 
of  Table  6.6A. 

O 1 

t Appendix  G - Supplement.”^ 

See  above  Final  Design  Procedure,  from  opening  through  Step  1,  for 
basic  guidance  on  wall  design  and  selection  of  p.®^ 
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Table  6.6A.1  Values  of  ultimate  axial  stress,  Py/A^,, 
for  rectangular  column  with  symmetric  reinforcing  steel, 
fp  = 3 ksl,  f(|y  = 52  ksi,  Y = 0,15,  0.60,  0.75,  0.90 


b ■ uo(t 

J length 
Of  well 


St..l 

k»tiolo 


VALUES  or  B:C»TlllCITr  ratio 
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2.69 

3.07 
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VALUF.S  OF  UU I HATF  AXIAI.  STHFS3  I’u^A^  IN  KSI 
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Table  6.6A.2  Values  of  ultimate  axial  stress, 

for  rectanRUlar  column  with  symmetric  rclntorcinK  steel, 


Table  6.6A.3  Values  of  ultimate  axial  stress,  P^,  A^, 
for  rectangular  column  with  symmetric  reinforcing  steel, 
fc  = 5 ksl,  fdy  = 52  ksi,  y = 0.-15,  0.60,  0.75,  0.90 
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Table  6.6A.I  Values  of  ultimate  axial  stress,  P,,  A 


for  rectauKUlar  column  with  symmetric  reinforcing  steel 
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VALins  or  UI.TIHATF.  AXIAL  SmSS  P„/A^  IN  KSl 


11  m 1.11  m I:  i i;ll 


* • UH'I 
lengt  h 

of  ^<1* 


Table  G.6A,5  V^alues  of  ultimate  axial  stress, 

for  reclanKUlar  column  with  symmetric  reinforcing  steel, 

f^,  = \ ksi,  f^Y  = 72  ksi,  Y = 0.45,  0.60,  0.75,  0.90 
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Table  6.6A.6  Values  of  ultimate  axial  stress,  P ''A  , 

u K* 

for  rectangular  column  with  symmetric  reinforcing  steel, 
= 5 kst,  fjy  = 72  ksi,  V = 0.J5,  0,60,  0.75,  0.90 
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VALl'ES  or  UmttATr  AlUt.  STK.SS  r /A  in  ESI 


vAi.ucs  or  rccurritciTT  hatio  «»'t 


VA1.UES  or  ULTIHATL  AXIAL  ST«ESS  P /A  IN  ESI 
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10 

,2  1 

1.4 

VAl  UIS  or  ULTIHATF  STWSS  r^/A^  IN  ESI 
1.6  IN  2 .0  I 2.2  2.4  2.6  2 .8  1 3.0 

3.3  4.0  4 3 1 3.0  3.3  6.0  6.3 

5.  Calculate  d,  using  values  found  in  fit  right  column 

A 

of  Table  6.6A  as  follows:  Assume  a value  of  y 

Calculate  p„  • (1  + y)p*^  Using  table,  read  (by  Inter- 
“ 2 

polating  if  necessary)  (M^^/ bt  (ksi) . Calculate: 

t - {L^q/[8000  (M  /bt^)„  ,, 
u Table 

d » (1  + y)t/2 

6.  Using  Eq.  6-4,  calculate  T(sec),  then  recalculate 


0.75 

0.175 

0.37 

14.50 

12.69 

0.03845 

18.47 


7.  Repeat  Steps  4,  5 and  6 as  necessary,  until  d 
predicted  in  Step  5 does  not  change  appreciably. 


12.69(last 

trial) 


8.  Estimate  in-plane  vertical  load  P^(kips);  minimum 

would  be  P * 2L(2p  )^  (used  in  this  example),  to 

u so 

which  could  be  added  weights  of  slab  and  wall  above. 


8.64 


9.  Calculate  T(sec)  using  Eq.  6-4,  with  latest  value 

of  d (from  Step  7 or  13).  Recalculate  t /T. 

oo 

10.  Using  Figure  6-1,  page  11-5,  read  P^/q  (as  before); 
calculate  q,  using  p^  ■ Pso‘ 

11.  Using  p and  y (at  or  closest  to  y available)  in 

8 6 

table,  find  t /t.  Calculate  t then  L/t  . Calculate 
e e e 

A (“bt),  then  P /A  . Find  6 from  moment  multiplier 
8 u g 

table. 


0.03845 

18.5 

0.50 

30 

0.0175;0.75; 

1.11;16.10;8.94; 

14.50;0.60;1.05 


* Assume  y - 0.75  for  first  trial;  if  this  varies  significantly  from 
the  value  found  in  Step  15,  assume  a corrected  value  of  y and  repeat 
the  entire  procedure.  See  figure  on  Table  6.6A  for  meaning  of  y. 

t In  use,  p » (A  + A')  /A  • 2A  /A  . 

. g s s g s g 

T In  this  step  only,  L is  half  the  supported  slab  clear  span  on  each 
side  of  wall  (average  if  different).  For  an  explanation  of  P^  calcu- 
lation, see  fourth  paragraph,  page  6-84.®^  L ■ 144  in.  was  used, 
unfortunately,  in  this  and  other  examples. 

§ If  more  accuracy  Is  desired,  interpolate  linearly  between  tabular 
values;  also,  if  y Is  not  covered  by  a particular  table.  Interpolate 
between  tables  showing  y values  above  and  below  the  value  desired. 
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12.  Calculate  = 6qL^/8  (in. -kips).  Calculate 

(6e)  • then  (6e)/t.  Find  from  table;  if 

greater  than  or  equal  to  calculated  in  Step  11 

and  it  is  first  time  this  step  has  been  performed, 
go  to  Step  14. 

13.  Calculate  a new  t: 


t 

new 


0.5  (t  , ) 

previous 

U+(P  A 

“ ^Calc'd 


P /A 
u g. 


]0.5^ 


Table 


Repeat  Steps  8 through  13  until  t »t  . . 

14.  Using  latest  values  of  t and  d,  calculate  web 

steel  needed  for  diagonal  tension;  check  for  pure 

shear  and  bond;  all  as  described  in  Step  7 of 

81 

Final  Design  Procedure  above.  (Results  are  of 
Eq.  6-9a,  6-9b,  6-10  and  6-11  calculations; 

81 

Eq.  6-12  not  used,  because  steel  not  detailed.) 


15.  Calculate  A = A'  = pbd;  then  select  size(s)  and 
s s 

spacing  of  main  rebars.  Calculate  A^  * Py®^»  then 
select  size  and  spacing  of  special  stirrups.^  Deter- 
mine value  of  Y (ratio  of  c»c  main  rebar  dimension 
to  wall  thickness  t;  see  drawing  at  top  of  each  left 
page.  Table  6.6A).  Compare  this  Y with  value  assumed 
in  Step  5 and,  if  they  vary  significantly  (say,  about 
6-10%  or  more),  repeat  design  procedure  from  Step  5 
onward,  using  a new  assumed  value  of  y (one  just 
found  in  this  step  might  be  best). 


81648; 

9.45;0.65;1.28; 

0.60 


(Go  to  Step  14) 


14. 50; 12. 69*; 


q=30>16 . 89 ;min . p^“0 . 005 

q=30>21.6;calc'd 

p =0.011;p  -15<78; 

V=1080;v-V/bt=0.025f ' 

c 


* By  longer  final  design  method,  d - 12.66;  this  slight  difference  can 
be  attributed  to  round-offs  made  in  various  design  steps, 
t See  text  formula  just  below  Eq.  6-9b.'°  ' 
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In  general  it  was  found  Chat,  for  small  vertical  loads,  the  vertical 
load  increases  the  moment  capacity.  Only  when  the  vertical  load  is  very 
large  does  it  reduce  moment  carrying  capacity.  Both  Final  Design  Proce- 
dures (herein  and  in  Ref.  81)  lead  to  the  more  conservative  design,  as 

between  using  P =0  and  P as  estimated  in  Step  8. 

° u u 
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Alternate  Final  Design  Procedure.  This  procedure  Is  no  more  elaborate  - 

in  fact,  it  Is  closely  like  - the  preliminary  design  procedure,  yet  is 

81 

equal  in  precision  to  the  above  final  design  procedure.  The  distinction 

among  the  three  procedures  is  that  this  one  is  limited  to  design  parameters 

encompassed  by  Table  6.7A;  the  others  are  not  so  limited.  Table  6.7A  will 

handle  only  values  of  f , = 52  or  72  ksl,  and  f = 3,  4 or  5 ksi.  It  will 

dy  c 

also  handle  specific  values  of  Y = 0.45,  0.6,  0.75  and  0.9.  For  other  y 

values,  use  of  the  nearest  one  should  be  adequate;  if  not,  two  designs  may 

be  developed  using  tabulated  y values  above  and  below  the  desired  value, 
then  an  Interpolated  design  may  be  used. 

The  program  was  tested  by  calculating  one  circular  column  interaction 
table  comparable  to  those  prepared  by  ACI^^  and  CRSI,^^  then  comparing  tab- 
ular values;  results  were  excellent. 

Shown  below  are  both  the  steps  of  this  alternate  final  design  procedure 
and  an  example  problem,  the  same  circular  column  design  problem  used  in  the 

A 

final  and  preliminary  design  procedure  examples. 


1.  Given  values  for:  f and  f'  (ksi);  f and  f,  (ksl); 

c dc  ''  y.  dy' 

p^^  (psl);  P^(kips)  ; L(in.);  p (p  used  in  Ref.  67). r 


3;3.75;40;52 

15;3.11;144;0.04 


2.  Assume  code  minimum  eccentricity,  e “ 0.05  D or 

e 

1 in.,  whichever  is  larger  (use  first  trial  D =• 

12  in.  );  assume  moment  magnifier  6 • l.l;**assume 

D /D  (”  y)  - 0.75;  see  Figure  6-9  (note  Ref.  67  uses 

® 81 
h for  the  D herein) . 

3.  Calculate  ie/D  and  use  y and  p^(“p);  find 

(P  /A  ) , , (ksi)  in  Table  6.7A  (6.7A.1  for  this 

u g Table 

example) . 


1 

12 


1.1 


0.75 

2nd 

3rd 

trial 

trial 

0.09 

0.38 

0.12 

4.04 

1.98 

3.73 

* Appendix  G - Supplement,®^ 

+ For  values  of  P^^  and  u,  see  Step  1 of  final  design  procedure  Just  above. 

^ For  guidance,  see  second  subsection  above,  Selecting  Column  Steel  Ratio, 

! Or  even  larger,  if  indicated  by  experience. 

**  Unless  otherwise  indicated  by  experience. 
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Table  6.7A.1  Values  of  ultimate  axial  stress, 

^ for  circular  column,  f ' = 3 ksi,  f,  =52  ksi , 

UK*  * c » cly  * 

V = 0.15,  0.60,  0.75,  0.90 
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Table  6.7A.3  Values  ot  ultimate  axial  stress, 

A^,  for  circular  column,  f^  = 5 ksi  , f^jy  = 52  ksi, 
V = 0.15,  O.GO,  0.75,  0.90 
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Tabic  6.7A.5  Values  of  ultimate  axial  stress 


for  circular  column 
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4a.  Calculate  I)  » {4  P /(ti(P  /A  ]} 

u u g Table 

If  this  is  first  time  through  Step  4a,  skip  to  Step  5. 

4b.  Calculate  D = 0.5(D,  + D );  then  find 

latest  previous 


(P  /A  K , , * 4 P /(jtD  ) 

u g Calculated  u 

5.  Using  same  table  as  in  Step  3 and  p^,  find  D^/D; 
calculate  D^;  then  using  small  table  at  top  of  right 


scale,  use  (P  Ik),,  _ and  interpolate  to  read  6. 

u g (latest) 

If  new  6 is  close  to  6 in  Step  3 (say  within  about  1% 
or  2%),  skip  to  Step  7. 

6.  Correct  e for  code  minimum  (Step  2)  and  experi- 
ence. Use  latest  values  of  all  parameters  as  initial 
values  and  repeat  Steps  3-5. 

7.  Calculate  required  spiral  steel  ratio  p^  using  E 
Equation  6-35  (in  Step  8 of  final  design  procedure 
just  above) 
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section. 


The  rebar  scheme  and  related  assumptions  are  discussed  in  the  next 
81 


**  Or  if  D,  and  D ^ (Step  4)  were  within  about  1%  or  2X,  user 

latest  previous 

Could  skip  from  end  of  Step  5 to  Step  7. 

Using  D • 11.20,  the  final  value  of  several  trials. 
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Arch  and  Conduit  Structures  - Corrugated-Steel  and  Reinforced  Concrete 

As  an  alternative  to  the  usual  and  expensive  box-like  and  rectilinear 

81 

structures  contemplated  in  the  above  design  procedures  and  for  most 
buildings,  corrugated-steel  arch  structures  and  conduits,  as  well  as  rein- 
forced concrete  circular  conduits  (sewer  pipe),  offer  many  advantages  and 
are  worth  careful  consideration.  Design,  particularly  of  the  conduits, 
is  largely  empirical,  but  fortunately  there  have  been  applicable  full- 
scale  nuclear  weapons  field  tests  conducted  (1957),  the  reports  of  which 
are  now  unclassified.  Only  such  tested  structures,  or  their  closest  cur- 
rently available  product,  are  considered  further  herein. 

Buried  Corrugated-Steel  Arch  Structures.  Nuclear  weapons  field  tests 

have  Included  buried  corrugated-steel  arch  structures  [specifically  the 

25'xA8'  (170°)  prefabricated  ammunition-storage  magazine  only  slightly 

modified  from  that  used  at  the  time  by  the  U.  S.  Navy]  in  such  operations 

held  between  1953  and  1958,  both  at  the  Nevada  Test  Site  (NTS)  and  the 

Pacific  Proving  Grounds  of  the  former  Atomic  Energy  Commission.  The  test 

project  of  most  interest  to  this  brief  review  was  Project  3.3  of  Operation 

PLlfMBBOB,  exposed  to  nuclear  effects  in  ‘Shot  Priscilla,  37  kt  from  a bal- 

1 90 

loon  at  700  ft  above  ground  level  on  June  24,  1957  at  1330.  ’ The  test 

90 

report  is  detailed  ahd  available  to  the  public.  While  three  structures 
were  tested,  the  one  tested  wlliiout  added  6112.5  arch  ribs  at  4 ft  centers 
is  of  principal  interest  herein;  this  Structure  3.3b  was  a stock  ammo 
magazine  modified  only  as  to  end  bulkheads. 

A related  Project  3.2  on  tests  of  buried  K/C  and  corrugated-steel 

91 

conduits  was  covered  with  Project  3.3  in  a brief  article  published  in 

April  1958,  then  used  shortly  thereafter  in  testimony  before  a Congres- 

92 

sional  Subcommittee.  An  extract  from  the  testimony  follows: 
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further  data  and  de- 


With  the  declassification  of  the  test  report, 
tails  became  available  - selected  items  are  provided  in  the  following 
paragraphs  - and  the  report  should  be  obtained  and  used  by  any  profes- 
sionals seriously  contemplating  use  of  the  arch  structure  tested. 

Peak  overpressure  at  the  earth's  surface  was  60  psi  with  a positive 
phase  duration  of  361  msec;  peak  internal  pressure  was  1.0  psi;  peak 
vertical  floor  acceleration  was  less  than  3 g's;  average  displacement  of 
footings  at  midlength  of  the  structure  was  1-1/2  in.;  maximum  and  resid- 
ual deflections  of  arch  crown  relative  to  the  floor  were  4 in.  and 
2-3/4  in.,  respectively;  and  earth  cover  was  5 ft;  all  referring  to 
Structure  3.3b. 

Backfilling  operations  - of  the  greatest  importance  because  a sig- 
nificant part  of  the  structure's  strength  was  due  to  passive  resistance 
of  the  soil,  developed  by  deformation  of  the  flexible  arch  into  the  soil 
backfill  - followed  good  conventional  construction  practices.  It  is  im- 
portant to  add,  however,  that  backfilling  was  very  closely  inspected, 
close  maintenance  of  the  arch  shape  was  obtained,  and  all  such  work  was 
supported  by  complete  soil  analyses  and  testing  throughout  the  construc- 
tion work.  Soil  for  backfill  was  imported  from  a nearby  gravel  pit  and 
consisted  of  a gravelly,  silty  sand,  rather  than  use  being  made  of  the 
in  situ  silt  from  the  dry  lakebed  of  Frenchman  Flat. 

The  floor,  a 4-in.  concrete  slab,  was  separated  from  the  foundation 
walls  by  a 1/2-in.  impregnated,  expansion-joint  filler  to  achieve  three 
purposes;  (1)  reduce 'acceleration  forces  transmitted  to  all  other  struc- 
ture portions  from  being  transmitted  to  personnel  and/or  equipment  located 
on  the  floor  slab;  (2)  permit  use  of  an  economical  (thin)  floor  slab  rela- 
tive to  one  that  would  be  required  to  withstand  the  full  forces  transmitted 
to  the  arch  structure;  and  (3)  permit  a significant  displacement  (down- 
ward) of  the  arch  structure  and  its  foundation  walls,  thus  absorbing  en- 
ergy from  the  detonation's  blast,  yet  cause  only  minor  cracking  or  other 
effect  on  the  floor  slab. 

A tendency  was  noted  for  slippage  along  horizontal  seams  in  the  arch 
corrugated-steel  plates,  thus  reducing  the  arch  circumferential  length; 
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in  no  case,  however,  was  a sheared  bolt  observed.  Minor  racking  of  in- 
terior partitions,  doors,  and  airlocks  was  noted;  however,  all  doors 
opened  without  forcing  upon  initial  postshot  entry.  All  endwalls  were 
in  excellent  condition  postshot.  No  significant  damage  occurred  to  plumb- 
ing and  electrical  fixtures  installed  at  the  60-psl  range. 

Figure  6-13  supplements  Figure  2 of  the  above  Congressional  testimony 
extract  by  showing  the  extent  of  earth  cover  in  both  directions.  Cover 
was  balanced  cut-and-f ill , and  the  location  of  shallow  banks  (1.5:1)  at  a 
substantial  distance  laterally  from  the  arch  structure  is  extremely  impor- 
tant, as  demonstrated  by  earlier  tests  of  the  ammo  magazine  wherein  arch 
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failure  occurred  under  other  cover  configurations. 

Selected  portions  of  the  construction  specifications  that  were  used 
are  Included  in  the  report,  as  are  details  on  the  soil-survey  program  and 
the  backfill  operations 

Moving  from  the  time  of  the  nuclear  field  tests  (1957)  to  the  present 
time  of  writing  (5/76): 

Current  manufacturer's  catalog  for  the  closest  similar  product  to  the 
tested  Structure  3.3b  shows  the  same  corrugations  in  use  and  arch  struc- 
tures of  many  span-rise  configurations;  e.g.,  using  the  test  structure 
span-rise  ratio  (25 ' 8" : 11 ' 8^"  or  2.19),  available  structures  include  one 
with  span-rise  values  of  25 ' 0":  11 ' 3*s"  or  ll'S'-s"  and  another  26 ' 0" : 11 ' 10" . 

An  estimate  of  Installed  cost  for  the  latter  structure,  excluding  all 
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earthwork  and  the  base  slab,  is  as  follows  (for  Austin,  Texas): 

10  ga.  1 ga. 

Structure  including  base  channels,  matls/lf  $ 200  $ 300 

Erectlon/lf  32  45 

End  bulkheads,  8 ga.,  matls  & labor,  each  4000  4000 

(excluding  tie-back  structures) 

The  purpose  of  including  the  estimate  for  a 1 ga.  structure  is  explained 
below. 

A useful,  pocket-size,  installation  manual  is  available  and  Includes 

95 

suggested  lateral  spacing  minlmums  for  parallel  corrugated-steel  structures. 
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SECTION  "A  -A 


Earth  C(infif;u ration  for  Structure  3.3,  Ojioration  Plumhbob. 


FIGURE  6-13 


Sealing  of  seams  in  corrugated-steel  structures  located  belowground 

is  a difficult  problem  at  best;  comments  and  a reference  have  been  pro- 

94 

vided  to  the  author  on  this  important  matter:  The  reference  title  is 

self-explanatory^^  (a  copy  of  the  summary  was  given  to  the  author)  and 

one  proprietary  product,  reported^^  on  as  Material  B and  suitable  for 

94* 

hydrostatic  pressures  of  60  psl,  has  been  named  to  the  author. 
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Comments  include  one  that  the  "Best  procedure  to  stop  leaks  is  to  have 
all  nuts  on  the  inside  of  the  structure  and  require  in  the  specifications 
that,  after  structure  is  backfilled,  contractor  must  check  and  retighten 
bolts  to  100-300  pounds  torque."  It  is  recommended  herein  that  the  usual 
precautions  taken  with  basements  also  be  used  - granular  material  along 
structure  faces,  draining  below  the  base,  with  sump  pumps  provided  where 
necessary . 

94 

Current  recommendation  on  backfilling  material  is  that  it  conform 
to  AASHTO  T-180. 

The  subject  of  imposed  (normal-use)  loads  on  the  fill  over  the  arch 
structure  is  discussed  in  a separate  subsection  that  follows. 


Buried  Corrugated-Steel  and  Reinforced  Concrete  Conduits.  Nuclear 
weapons  field  tests  Included  conduits  of  both  corrugated-steel  and  rein- 
forced concrete  in  Project  3.2  of  Operation  PLUMBBOB,  Shot  Priscilla; 
details  on  the  shot  are  Included  in  the  preceding  section  on  corrugated- 

steel  arch  structures,  and  the  Congressional  testimony  extract  above  In- 
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eludes  discussion  of  the  conduit  tests.  ’ 
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With  the  declassification  of  the  test  report,  further  data  and  de- 
tails became  available  - selected  items  are  provided  in  the  following 
paragraphs  - but  obtaining  a copy  of  the  report  from  NTIS,  Springfield, 
Virginia  is  not  recommended  because  of  its  poor  quality  and  because  suf- 
ficent  Information  is  believed  to  be  incorporated  herein  and  in  the  pre- 
ceding section  as  to  make  possession  of  a copy  unnecessary  to  a profes- 
sional planning  to  use  the  test  data.  Tests  of  particular  interest  to 
the  purposes  of  this  section  are: 


* Armco  #101  Sealant  Tape  (for  address,  see  Ref.  93). 
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Earth 

Cover 


Free-fleld  Positive 
Project/Conduit  Overpressure  Phase  Pur. 

3. 2d  Circular,  corrug.stl.,  8 ft  dlam.  126  psl 

3.2e  Circular,  precast  R/C , 8 f t 1 .d . " 

3.2f  Cattle-Pass,  cor rug . st 1 . , 5 ' 10"x7 ' 8" 
rise 

Further  details  on  the  above  test  conduits  are  shown  in  Figure  3 and 
Sheets  1-3  of  the  above  Congressional  Testimony  extract. 

All  conduits  tested  showed  no  significant  damage.  Peak  downward 
acceleration  at  the  bottom  of  the  tabulated  conduits  was  about  5 g's  or 
less;  peak  Internal  pressure  was  about  3 psi;  and  maximum  vertical  de- 
flections, measured  between  Invert  and  inside  top  of  each  conduit,  were 
less  than  an  inch.  A tendency  was  noted  for  the  circumferential  dimension 
of  corrugated-steel  conduits  to  be  reduced  because  of  slippage  along  the 
horizontal  seams;  however,  in  no  case  was  a sheared  bolt  observed. 

Comments  in  the  preceding  section  also  apply  to  the  conduits,  such 
as  those  on  backfill  material,  backfilling  operations,  and  related  soils 
controls.  Cover  was  to  normal  grade,  not  balanced  cut-and-fill  as  with 
the  arch  structures. 

Construction  specifications  apparently  parallel  those  applied  to  the 
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arch  structures;  however,  the  quality  of  the  conduits  test  report  (from 
NTIS)  is  too  poor  for  reproduction,  even  very  difficult  to  read. 

Moving  again  from  the  time  of  the  nuclear  field  tests  (1957)  to  the 
present  time  of  writing  (5/76): 

Current  manufacturer's  catalog  for  the  closest  similar  product  to 

the  tested  Structure  3.2f  shows  the  same  corrugations,  dimensions  and 

gages,  the  only  change  being  a renaming  to  Junior  Underpass,  rather  than 

93 

the  Cattle-Pass  of  the  tests.  Multi-Plate  and  helical  corrugated-steel 
pipes  are  also  available  in  a variety  of  sizes.  Including  the  8-ft  diam- 
eter tested.  An  estimate  of  Installed  cost  for  the  Junior  Underpass  of 
the  same  corrugations,  dimensions  and  gage  tested  in  1957,  excluding  all 
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earthwork,  is  as  follows  (for  Austin,  Texas): 


206  msec  7.5' 

M It 

" 5' 
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i 


Mater ials/lf 
Erection/lf 

Labor  for  shop  fabricated  T or  L intersection 


$ 117 
24 


1000  ea. 

The  intersections  are  shop-assembled,  then  dismantled  and  shipped  to  the 
Job  site  for  final  erection.  Apparently,  such  intersections  require 
little  if  any  added  stiffening. 

The  comments  of  the  preceding  section  apply  to  the  corrugated-steel 

structures  herein  as  well,  e.g. , those  on  an  installation  manual  that  in- 
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eludes  suggested  lateral  spacing  minimums  for  parallel  structures;  on 
sealing  of  seams;  and  that  the  subject  of  imposed  (normal-use)  loads  on 
the  fill  over  the  structures  is  discussed  below. 

The  Junior  Underpass  shapes  can  be  used  for  connecting  passageways 
between  conventional  box-like  and/or  corrugated-steel  arch  structures; 
they  can  also  be  used  to  connect  to  an  emergency  exi t /vent ilat ion  outlet 
structure,  which  structure  could  use  corrugated-steel  pipe  for  a riser, 
as  shown  in  Figures  1 and  3 of  the  above  Congressional  Testimony  extract. 
However,  the  riser  structure  might  be  better  fabricated  as  a R/C  box 
structure,  thus  providing  a flat  vertical  surface  on  whic.t  to  hang  a 
simple  blast  door. 

Live  Loads  (Normal  Use)  on  Buried  C-S  Structures.  Certainly  the 
corrugated-steel  arch  and  conduit  structures  discussed  in  the  preceding 
subsections,  with  a proven  capability  of  withstanding  at  least  one  appli- 
cation of  extremely  high  live  loads  even  of  short  duration  - 60  psi 
(8.64  klps/sf)  for  about  0.36  sec  - would  cause  no  concern  when  subjected 
to  such  loads  as  a passenger  car  or  light  pickup  truck  running  on  top  of 
the  5-ft  thick  earth  cover.  Where  a buried  structure  built  to  resist  the 
combined  effects  of  a nuclear  weapon  detonation  is  to  be  located  under  a 
parking  lot  and/or  street,  however,  structural  adequacy  against  typical 
automotive  vehicle/truck  wheel  loads  must  be  considered.  And,  of  course, 
the  typical  worry  of  an  engineer  about  someone  overloading  his  structure 
can  be  related  to  this  shelter  situation  as  that  of  a large  transit-mix 
truck  turning  around  through  a parking  lot  posted  for  automobile  and/or 
light  pickup  llmltsl 
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Discussion  of  this  problem  led  to  review  of  the  currently-available 

(but  under  revision)  handbook,  covering  cover  requirements  and  gage  thick- 

98 

ness  under  selected  liighway,  railroad  and  airport  wheel  loadings.  An 

extract  (Chapter  3,  Structural  Design,  in  its  entirety)  was  kindly  fur- 
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nished  to  the  author  based  on  information  that  the  publication  is  cur- 
rently out-of-print.  Table  HC-17,  page  120,  shows  height-of-cover  re- 
quirements for  H20  live  loads  on  C-S  arch  structures  (rise-span  ratios 
of  0.3  to  0.5)  on  unyielding  foundations,  6"x2"  corrugations,  26-ft  span, 
to  be  4 ft  minimum  and  18  ft  maximum  using  1 ga.,  not  thinner.  For  25-ft 
span,  similar  values  are  4 ft  and  17  ft  using  3 ga. , not  thinner.  Because 
of  this  apparent  need  for  1 ga . material  in  the  26-ft  span,  j_f  an  H20 
loading  is  applied,  the  cost  estimates  in  the  arch  subsection  above  in- 
clude both  1 and  10  ga.  arch  structures. 

Because  of  the  considerable  increase  in  cost,  as  between  using  1 ga. 
instead  of  the  test  structure's  10  ga . C-S,  a thorough  review  was  made  by 
the  author  of  the  structural  design  procedure  currently  used. 

After  working  example  problems  and  working  problems  to  spot-check  various 
values  in  Table  HC-17  just  mentioned,  the  design  procedure  was  applied  to 
the  tested  structure's  current  counterpart,  the  26'0"  span  by  ll'lO"  rise, 
10  ga.  C-S  arch  structure,  with  the  result  that  the  structure  was  found 

•k 

to  be  adequate  for  an  H20  live  loading  in  all  design  steps,  but  with  one 

non-design  matter  left  requiring  decision.  Step  6 of  the  design 
98 (d  91) 

procedure  calls  for  checking  of  handling  stiffness  - in  other 

words  a check  against  construction  erection  difficulties.  For  this  a 
flexibility  factor  FF  is  calculated,  then  weighed  against  the  following: 
"Recommended  maximum  values  of  FF  for  ordinary  installations:  FF  = 0.0433 

for  factory-made  pipe  with  riveted,  welded,  or  helical  seams  less  than 
120-ln.  diam. ; and,  FF  = 0.0200  for  field-assembled  pipe  with  bolted  seams 
and  all  sizes  over  120-in.  diam.  Higher  values  can  be  used  with  special 
care  or  where  experience  has  so  proved."  For  the  10  ga.  arch  structure 


* For  review,  H20  loading  shows  a GVW  of  20  tons,  distributed  8 tons  on 
each  rear  wheel  and  2 tons  on  each  front  wheel  of  a vehicle  with  wheel- 
base of  14  ft  and  tread  of  6 ft.  * 
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the  design  value  for  FF  » 0.0415,  It  is  recommended  that  the  structure 
be  used  as  designed,  satisfying  the  design  Step  6 through  the  fact  that 
this  is  not  an  "ordinary"  installation,  by  use  of  "special  care"  and, 
finally,  because  this  is  "where  experience  has  so  proved"  (that  a higher 
value  than  0.0200  can  be  safely  used).  Finally,  "field-assembled  pipe 
with  bolted  seams..."  is  more  difficult  to  erect  and  control  in  shape 
during  backfilling,  than  would  be  a 170°  arch  erected  on  an  unyielding 
foundation.  In  short,  the  matter  is  a construction  erection  problem,  not 
one  of  structure  safety  after  construction.  Great  care  in  backfilling 
and  the  availability  of  specifications  therefor  have  been  discussed  above 
a further  suggestion  has  been  made  that  a manufacturer's  specially- 
qualified  engineer  be  called  for  onsite  (under  the  specifications)  to 
advise/assist  those  having  construction  supervision  and  Inspection  re- 
sponsibilities during  all  earthwork,  especially  backfilling  and  related 
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soils  testing  and  controls  work. 

For  the  Junior  Underpass  and  circular  C-S  structures  discussed  in 
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the  preceding  subsection.  Tables  HC-5  and  HC-15  (pages  110  and  118) 
show,  for  6"x2"  corrugatlons/10  ga. /under  H20  loading,  minimum  and  maxi- 
mun  cover  thicknesses  of  1'  and  20'  or  more,  and  1'  and  75',  respectively, 
leaving  little  room  for  concern  with  live  load  on  such  structures. 

Application  Example.  An  EOC  expansion  of  5,460  sf  is  planned  by  the 
Division  of  Disaster  Emergency  Services,  Texas  Department  of  Public 
Safety,  using  three  26-ft  span  multiplate  arch  structures  with  junior 
underpass  structures  for  connecting  passageways;  mention  of  this  planning 
has  been  made  above.  Further  details  became  available,  after  submission 
of  the  DRAFT  report  for  technical  review  - extracts  from  Texas  DES  docu- 
ments are  provided  below: 

"Purpose : 

"To  develop  economically  feasible  means  of  providing  "hardened" 
working  space  . . . (and)  provide  additional  office  and  emergency 
operational  space  for  DES,  Communications  and  the  Governor's 
Disaster  Council  .... 
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"Concept : 


"1.  Background 

Historically,  Federal,  Statd,  and  local  agencies  have  used  the  "brute 
force"  approach  to  design  of  blast  and  radiation  resistant  structures. 
The  Regional  Federal  Center  at  Denton  and  the  State  EOC  at  DPS  head- 
quarters, as  well  as  NORiXD  headquarters  in  Colorado,  are  all  examples 
of  this  highly  expensive  approach.  Escalating  costs  and  a gravely 
complex  international  situation  add  increasingly  greater  importance 
to  a "better  way"  of  providing  the  necessary  facilities. 

"2.  Proposed  Approach 

Based  on  research  by  li.  L.  Murphy  of  Stanford  Research  Institute  and 
the  Priscilla  test  shots  of  Operation  Plumbbob,  it  is  proposed  that 
approximately  5,460  square  feet  of  floor  space  be  added  to  the  exist- 
ing State  EOC  by  burying  three  70'  x 26'  standard  "ARMCO"  multiplate 
arch  buildings  under  the  east  parking  lot.  These  will  have  a minimum 
of  5'  of  ASHTO  specification  backfill  and  will  be  connected  to  each 
other  and  the  existing  building  by  use  of  "ARMCO"  junior  underpass 
manufactured  of  10-gauge  steel.  Access  would  be  through  the  space 
now  utilized  by  the  DES  training  staff  (see  Attachment  #1).*  This 
approach,  according  to  the  Plumbbob  tests,  would  provide  greater 
blast  resistance  than  the  original  structure  as  well  as  providing 
adequate  radiation  and  EMP  protection." 


* Copy  of  Attachment  //I  not  provided  herein. 
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Preliminary  Estimate  August  2,  1976 

Prototype  "ARMCO  STEELPLATE"  Blast  Resistant  EOC  Addition 


Area 


5,460  sq.  ft.,  3 wings,  26'  X 70' 


Earthwork 


Excavation  - 9,000  cy  (?  $4.00 

$ 

36,000 

Backfill  - 3,000  cy  @ $5.00  (select) 

15,000 

$ 

51,000 

Structural 

Multiplate  //102A15-24  - 210  lin.  ft. 

(3  $232.00 

$ 

48,720 

Jr.  Underpass  - 50  lin.  ft.  (3  $141.00 

7,050 

Bulk  Heads  - 6 (3  $4,000.00 

24,000 

$ 

79,770 

Foundation 

Beam  and  Slab  - 100  cy  @ $117.00 

$ 

11,700 

Mechanical 

HVAC  - 5,460  sq.  ft.  (3  $1.80 

$ 

9,828 

Electrical 

12,558 

Plumbing 

5,197 

$ 

27,583 

Architectural 

Partitions  - 3,600  sq.  ft.  @ $2.70 

$ 

9,720 

Celling  - 5,460  sq.  ft.  (3  $1.22 

6,662 

Vinyl  Flooring  - 5,460  sq.  ft.  (3  $ .52 

2,840 

$ 

19,222 

Grand  Total  Construction 

$189,275 

A & E Fee  @ 7% 

13,250 

Management  (Building  Comm.)  0 2X 

3,786 

Total  Project 

$206,311 

Square  Foot  Cost 

$ 

38 
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I. 


Two-Wav  Slabs 


This  section  concerns  design  of  two-way  slabs  that  are  supported  by 
* . + 

stiff  beams  of  walls  on  all  four  sides.  Slab  support  conditions  may  be 
simple,  partially  fixed  (e.g.,  framed  into  a torsionally  stiff  beam  or 
wall)  or  fully  fixed,  with  different  combinations  among  the  four  edges 
of  the  slab. 


Reinforcing  steel  is  uniformly  distributed  across  the  slab,  both  ways 

60  99 

(rather  than  being  handled  differently,  as  in  column  and  middle  strips  ’ 

because  of  the  large  elasto-plastic  deflections  contemplated  in  blast- 

resistant  design.  Another  argument  for  uniform  disfibution  of  rebars 

across  the  slab  is  related  to  the  universally  used  source  of  stiffness 

factors  and  moment  equations  for  two-way  R/C  slab  design.  The 

source^ ‘ ^ (Timoshenko  1940)  clearly  states  that  the  data  provided 

are  based  on  (1)  plates  of  an  isotropic  homogeneous  material  and  (2)  a 

Poisson's  ratio  of  0.3  (e.g.,  steel),  neither  of  which  criteria  applies  to 

R/C.  To  even  approximately  meet  the  first  criterion,  rebars  should  be 

uniformly  distributed  across  the  two-way  slab.  For  the  second  criterion, 

22  34 

the  0.3  ratio  was  retained  inappropriately  in  some  sources,  ’ but  was 

changed  to  0.15  (appropriate  for  R/C)  and  associated  data  corrected  in 

Include  one  of  the  ] 

81  (or  50-61-62-80) 


) 


2 33  2 

other  sources,  ’ which  include  one  of  the  primary  sources  used  in  our 


overall  slanting  guidance. 


Stiff  beams,  as  used  herein,  are  those  meeting  the  following  criterion 


> 1 (6-57) 

checked  in  a cross  section  through  both  the  support  beam  and  its  adjacent 
slab(s)  to  its(thelr)  centerline(s) , and  done  for  beam/slab  combinations 
in  both  directions  if  the  slab  is  not  square  (as  measured  center-center 
of  support  beams/walls) ; where: 


* Stiff  enough  to  minimize  their  contribution  to  slab  deflection;  their 
stiffness  is  relative  to  the  slab  and  not  to  beams  in  general,  and 
their  use  (or  use  of  walls)  allows  almost  independent  design  of  slabs 
and  beams,^^ 

+ Design  procedure  is  limited  to  slabs  with  length/width  ratios  of  2 or 
less  (dimensions  taken  center-center  of  supporting  beams/walls). 
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a,  » 1>  /I  (=  E , I,  /E  1 should  be  used  if  E , E ) 

1 b s cb  b cs  s cb  cs 

“ length  of  span  (center-center  of  supports)  for  cross  section 

under  design  or  review 

8-2  • length  of  span  (center-center  of  supports)  transverse  to 

1 » ni'Tnent  of  Inertia  about  centroldal  axis  of  beam  gross 

b 

section  that  includes  (slab)  flange  equal  on  each  side  to  the  smaller  of 
two  widths:  four  times  slab  thickness,  or  the  beam  thickness  extending 

below  the  slab. 

1 = moment  of  inertia  about  centroidal  axis  of  slab  gross 

^ 3 

section  (i.e.,  = ((slab  thickness)  /12]  [slab  width);  slab  width  equals 

or  half  if  beam  is  at  a discontinuous  slab  edge,  using  all  of  that 

^ ^ 99 

width  as  if  no  beams  were  present). 

it 

If  the  guidance  provided  under  the  Beam  Design  section  above  is 
followed,  it  is  likely  that  all  designed  support  beams  wi  ’ readily  meet 
the  above  criterion  for  stiff  beams. 

Support  Beams  Design.  Preceding  sections  in  the  above  referenced 
81 

slanting  guidance  provide  detailed  preliminary  and  final  design  proce- 
dures for  one-way  slabs  and  thus  for  beams;  however,  in  these  procedures 
all  loadings  are  uniform  over  the  length  of  the  structural  member. 

Design  of  support  beams  for  two-way  slabs,  therefore,  needs  only  to  be 
corrected  for  its  non-uniform  loading  in  order  to  use  the  earlier  design 
procedure  for  blast-resistant  one-way  slabs/beams.  Referring  to  the 
earlier  slanting  guidance,  in  the  Typical  Designs  section  of  Chapter  6, 
subsections  A and  B provide  step-by-step  design  methods  for  simply  sup- 
ported and  continuous  one-way  slabs,  respectively.  For  discussion  pur- 
poses leading  to  a support  beam  design  procedure  hereunder,  symmetrical 

2 

support  restraints  are  assumed,  and  subsection  A just  mentioned  will  be 
generally  followed  but  cognizance  of  subsection  B is  expected  of  the 
reader  as  well:  Step  1 applies  generally,  use  of  y = 3 being  recommended 


* Ref.  81  or  80,  Chapter  6. 
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for  two-way  slab  support  beams.  Step  2 requires  a guess  at  a peak  value 
of  q for  flexure;  tills  resistance  function  peak  value  for  q in  flexure 
(often  termed  q^)  could  be  represented  by  solving  Equation  6-1  for  q 
(omitting  use  of  , but  the  result  would  be  for  a unitornily  distributed 
load  (the  c at  the  right  end  of  Equation  6-1  takes  care  of  the  beam  sup- 
port conditions,  FF,  PC  or  SS) ; for  the  support  beams  hereunder,  the  load 
is  triangular  for  square  two-way  slabs  and  for  the  short  sides  of  non- 
square, rectangular  slabs,  while  the  load  is  trapezoidal  for  the  long 
sides  of  non-square  rectangular  slabs;  q^  equations  for  such  loadings  are 
as  follows:^ 

For  beam  supporting  the  short  (or  square)  side  of  slab: 

q,  = 10.8  (p  +p  )f.  , (b/a)  (d/L)^  (6-58) 

I s c Cl  y 

where  q^.  is  a uniform  pressure  over  the  (entire)  surface  of  the  slab, 
a is  center-center  distance  between  adjacent  long  beams  (or  just  adjacent 
beams  for  a square  slab),  b is  beam  width,  d is  effective  depth  of  beam, 

[.  is  beam  clear  span,  is  dynamic  (average)  yield  strength  of  rebars, 

and  p and  p are  tensile  reinforcing  steel  ratios  (not  percentages)  at 

6 C 

end(s)  and  mid-span,  respectively  (if  p^  is  varied  a little  at  the  two 
ends  because  of  support  conditions  with  somewhat  different  fixity,  use 
the  average  of  the  two  end  values  in  Equation  6-58) 

For  beam  supporting  the  long  side  of  a two-way  slab: 

q^  = 7.2  (Pg+P^)fjy  (b/a)  (d/L)^  [1/(1  - a^/3)]  (6-59) 

where  the  terms  are  as  previously  defined,  with  a being  the  ratio  of  the 
short  to  long  spans  (center-center  of  supports)  of  the  two-way  slabs. 

Equations  6-58  and  6-59  apply  to  interior  beams  only;  they  must  be 
modified  it  the  beams  support  only  a single  panel,  l.e.,  on  only  one 
side  of  the  beam. 

As  an  altc-rnatlve  approach  to  design  of  the  beams  supporting  the 
short  (or  square)  side  of  a two-way  slab,  the  following  values  were  worked 
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out,  where:  q is  the  load  (or  resistance)  per  unit  area;  w is  the  peak 

* — 

load/unit  length  of  beam,  so  w * aq;  and  w is  equivalent  uniform  load/ 
unit  length  of  beam: 

SS  FF(at  ends)  FF(at  center) 
w (moment  equivalence)  2w/3  -5w/8  3w/4 

w (end  shear  equivalence)  w/2  w/2 

Therefore,  assuming  q = w / a permits  using  directly  the  final  design  pro- 
cedures for  SS  and  FF  beams  (one-way  slabs)  of  subsections  A and  B men- 
tioned above. 

In  either  approach,  the  q found  to  be  needed  for  flexure  must  be 

equalled  or  exceeded,  as  always,  in  checking  for  diagonal  tension,  pure 

81 

shear  and  bond,  as  described  in  subsections  A and  B. 

Rebound  steel  may  be  justified  in  these  support  beams;  however, 
consideration  could  be  given  to  its  omission,  leaving  rebound  resistance 
to  the  two-way  slab  to  be  carried  by  the  support  beams. 

Two-Way  Slab  Design.  After  examining  the  design  approaches  gener- 
ally based  on  the  current  ACl  code  and  normal  loads,  it  was  concluded 
that  the  design  work  was  excessive  for  the  purposes  of  blast-resistant 
design,  and  that  an  approach  using  reference  2 (pages  8-13  and  8-19) 
would  be  recommended  for  use  herein: 

1.  Trillnear  resistance  functions  appear  for  slabs  fixed  on  two 

22  33  3 A 

or  more  edges  in  three  references  cited  herein;  ’ ’ of  these  three, 

33 

however,  only  Biggs  (1964)  has  been  corrected  for  the  Poisson's  ratio 
of  0.3  (for  steel)  used  in  the  source  document  for  all  three  references, 
i.e.,  Timoshenko  (1940),^^*^^^'®  to  0.15  (appropriate  for  R/C)  as  men- 
tioned above,  thus  should  be  the  preferred  source  if  the  designer  feels 

* Values  in  paragraph  assume  equal-sized  slab  on  each  side  of  support 
beam;  if  an  edge  beam  supports  a slab  triangular  tributary  area  on 
one  side  only,  use  a/2  in  place  of  a in  all  of  above.  (Note:  Project 
time  was  Inadequate  to  work  out  similar  values  for  trapezoidal  loads 
on  long  support  beams  under  rectangular  two-way  slabs;  one  approach 
is  through  use  of  the  niunerlcal  methods  Introduced  in  a later  section 
herein. ) 
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impelled  to  use  tri linear  resistance  functions  (elastic,  elasto-plast ic 
and  plastic;  see  Tabie  6.3,  Chapter  11,  Ref.  81).  The  purpose  of  such 
resistance  functions  is,  of  course,  to  attempt  to  refine  the  design  some- 
what over  the  bilinear  function  approach  that  follows. 

2.  Bilinear  resistance  functions  are  used  for  two-way  slabs,  wheth- 
er simply  supported  or  fixed  on  two  or  more  edges,  by  simply  ignoring  the 
elasto-plast ic  phase  of  the  resistance  function  described  just  above,  i.e., 

the  resistance  function  used  simply  extends  the  elastic  phase  line  up  to 

2 

intersect  the  extended  plastic  phase  line.  Elastic  phase  stiffness 

values  may  be  taken  from  either  of  two  sources,  because  both  have  been 

2 33* 

corrected  in  terms  of  Poissons's  ratio,  i.e.,  from  0.3  to  0.15.  ’ 

Location  of  the  plastic  phase  line  (yield  resistance,  considered  constant) 
is  discussed  below. 

3.  The  ductility  ratio  p (=x  /x  ),  commonly  used  as  a yardstick  of 

me 

allowable  or  design,  maximum  resistance,  poses  some  problems  when  the 

bilinear  resistance  function  approach  is  used  as  just  described;  i.e., 

for  other  than  simply  supported  two-way  slabs,  x^  will  be  too  small  to 

serve  as  a realistic  yardstick  (or  a given  x will  provide  a p that  is 

' m 

incorrectly  large).  Tlius  an  equivalent  elastic  stiffness  is  needed  for 
calculating  x^  in  the  ductility  ratio  p..  (For  the  trilinear  resistance 
function,  a pseudo-bilinear  function  is  constructed,  retaining  the  hori- 
zontal plastic  (yield)  resistance  line  but  extended  slightly,  and  con- 
structing a single  line  to  replace  both  the  elastic  and  elasto-pl ast ic 
resistance  lines,  such  that  the  total  area  under  the  resistance  function 
is  unchanged  for  any  x^  falling  out  on  the  original  plastic  resistance 
line.  Stated  another  way,  the  equivalent  x^  for  a trilinear  resistance 
function  is  a compromise  between  an  x^  found  by  simply  extending  both 
the  elastic  and  plastic  resistance  lines  until  they  meet,  and  an  x^ 
found  from  the  intersection  of  the  elasto-plast ic  and  plastic  resistance 
lines.)  As  alternatives  to  an  equivalent  elastic  stiffness  for 


* But  units  differ  in  the  two  source  tables.  Again,  care  must  be  exer- 
cised that  units  are  consistent,  e.g.,  especially  in  the  equation  of 
motion  p(t)  - q(x)  » ma  (use  unit  values  OR  total  values,  for  the 
member  under  design). 
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calculating  when  using  a bilinear  resistance  function  approach  to  de- 
sign of  a two-way  slab  supported  on  two  or  more  sides:  one  can  estimate 

a stiffness  value;  go  through  a series  of  intricate  calculations  so  time- 
consuming  as  to  be  of  questionable  worth;  or  simply  consider  that  the 
obtained  from  use  of  only  the  extension  of  elastic  and  plastic  resistance 
function  lines  is  actually  low  and  increase,  judgementally , the  u con- 
sidered appropriate  for  the  design  task. 

4.  For  the  plastic  phase  (constant  yield  resistance)  line  of  our 
bilinear  resistance  function  for  two-way  slab  design,  whether  simply  sup- 
ported or  with  two  or  more  fixed  edges:  (The  reader's  attention  is  in- 

vited to  Reference  2,  pages  8-13  to  8-19  and  Figure  9-8  on  page  9-22; 
every  effort  has  been  made  to  make  complete  the  following  material,  but 
collateral  reading  in  the  referenced  material  may  well  be  helpful,  never- 
theless.) Envisioning  a rectangular  (two-way)  slab  with  assumed  yield 

2(Fig.8-4) 

lines  or  a crack  pattern  as  shown: 


ASSUMED  CRACK  PATTERN  FOR  TWO-WAY  SLABS 


the  flexural  y 

'‘a  “ 

and  of  segment 


ield  resistance  of  segment  A is: 

(PLe-^  Plc^  V 

B is:^ 

21.6  (P„+  P,,)  V Il/U  - 2<.)1 


(6-60) 


(6-61) 
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whero  paramoters  are  as  defined  before  and  subscripts  on  the  p's  Indicate 
the  direction  and  position  of  the  reinforcing  steel. 

If  the  assumed  yield/crack  lines  are  the  correct  ones,  then  q = q 

A B 

whLcii  leads  to 

[1/(3  - 2a)]  = [(p  + p,  ) / (p,  + p,  ) = C,  for  convenience]  (6-62; 

L6  L<C  S6  SC 

Even  though  the  definite  steel  relationship,  for  a given  a,  as  shown 

by  Equation  6-62  may  not  be  precisely  met,  meaning  q may  not  equal  q 

A B 

closely,  an  estimate  of  the  slab's  flexural  yield  resistance  can  be  ob- 
tained as  an  average  of  q and  q , weighted  on  the  basis  of  the  areas  of 

‘A  B 2 

the  two  segments;  the  resulting  yield  resistance  is: 

q,  = 10.8  (p  + p ) fj  (d/L  [(2-a)/(3-2a)  + aC]  (6-63) 

t se  sc  dy  s 

where  C is  as  shown  in  Equation  6-62. 

Results  of  this  approach  may  in  some  instances  overestimate  the  slab  re- 
sistance, but  generally  not  enough  to  warrant  redesign  by  more  refined 

yield  line  theory  application;  edge  panels,  however,  or  other  cases  with 

2 

unscmunetr leal  support  conditions,  should  be  checked  for  adequacy. 

By  comparing  Equation  6-63  with  a similar  one  for  a one-way  slab, 

2 

the  following  relationship  result's: 

W = 1 + a[l/(6  - 4a)  + 1.5  C]  (6-64) 

where  C is  as  defined  by  Equation  6-62  and  the  constant  W is  a conversion 
factor  that  relates  the  resistance  of  a two-way  slab  numerically  to  that 
of  a one-way  slab  spanning  the  short  dimension  of  the  two-way  slab;  that 
ii,  thf  maximum  pressure  that  a two-way  slab  can  resist  is  that  of  a one- 
way slab  (with  span  and  rebars  corresponding  to  the  short  dimension  of 
the  two-way  slab)  times  the  conversion  factor  W. 

\s  an  aid  in  getting  design  started.  Equations  6-62  and  6-64  may  be 
combined  to  show  than  an  ideal  value  for  W might  be 

W - 1 + a [1/(6  - 4a)  + 1.5/(3  - 2a)]  (6-65) 

5.  To  summarize  the  flexural  phase  of  two-way  slab  design,  discussed 
in  the  preceding  4 paragraphs,  particularly  as  it  relates  to  design  of 
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one-way  slabs,  design  procedures  for  which  are  completely  described  in 

81 

subsections  A and  B: 

a.  A peak  value  q must  still  be  assumed  for  the  (bilinear) 

elasto-plastic  resistance  function  (see  Step  2 of  the  one-way  slab  design 
8 1 

procedures).  For  a simplified  (or  first  trial)  case  for  Illustration, 
let  u = 8 for  the  two-way  slab  and  use  a step  pulse  = 1 - l/2ul; 

one  obtains  a value  for  q (or  q^  if  preferred)  of  q = p^(16/15),  or  = 

16  psi  for  p^  = 15  psi.  For  later  trials,  a Beta-method  solution(s)  may 
be  appropriate.  Assuming  a two-way  slab  with  center-center  support  di- 
mensions of  16  by  20  ft,  a = 0.8  and  an  ideal  value  of  W would  be  2.143 
(Equation  6-65).  Thus  q (or  q^)  for  a one-way  slab  in  the  short  direction 
(16  ft,  or  a clear  span  of  perhaps  14.5  ft,  guessing  at  1'6"  wide  support 
beams)  should  be  designed  for  q^^  = qW  = 7.47  psi.  It  is  urged  that  q^^ 
be  increased  somewhat  above  this  result  of  an  ideal  W calculation,  because 
the  longitudinal  rebars  will  probably  have  the  short  way  bars  outside 
(top  and  bottom)  of  the  long  way  bars,  thus  the  latter  will  have  a less 
effective  moment  arm,  even  though  all  four  steel  ratios  (p  with  various 
subscripts)  and  Equation  6-62  are  fully  compatible.  It  is  recommended 
that  no  p value  be  larger  than  about  0.015  (rather  than  the  peak  0.02 

recommended  for  one-way  slabs)  to  m^ike  yield  line  behavior  moi u likely. 

2 

Further,  in  the  absence  of  any  real  guidance  on  the  matter,  it  is  rec- 
ommended that  rebound  steel,  if  used,  be  at  0.25  times  related  tensile 
steel  ratios  (prime  marks  may  be  used  to  designate  this  steel,  e.g., 

p,  and  p,'  etc.). 

'^Lc  '^Lc 

b.  For  the  fundamental  period  of  vibration  T of  a two-way 

, . ..  f . _2(Ref.8-7) 

slab,  an  approximation  for  one  simply  supported  on  rigid  or 

2 

stiff  beams  is  available: 

T = 5.3  ( w / Kgy’^,sec.  (6-66) 

where  K is  the  stiffness  per  unit  area  of  slab  (at  center),  with  data 
sources  already  described,  and  w is  the  weight  per  unit  area  of  slab. 

The  corresponding  equation  for  fixed  supports  differs  only  in  that  the 

constant  is  4.5  rather  than  the  5.3  above.  For  other  support  combinations, 

, ^ ,,  . , 2(Ref.8-8) 

a reference  is  available. 
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c.  With  the  short  direction  of  the  two-way  slab  designed  for 

8 1 

flexure,  using  the  one-way  slab  design  approach  of  subsections  A and  B, 
use  of  Equation  6-62  provides  the  long  direction  slab  steel  ratios,  which 
can  then  be  used,  again  with  the  one-way  slab  design  approach,  culminating 
in  the  completed  (first  trial  at  least)  flexural  design  of  the  two-way 
slab . 

6.  Shear  and  diagonal  tension  resistance  of  a two-way  slab  is  taken 

as  (2/3) (1  + a)  times  that  for  a one-way  slab  spanning  in  the  short  direc- 

2 

tion,  when  a is  1/2  or  more  (which  is  a stated  limitation  for  the  entire 
two-way  slab  design  section  herein).  This  information  may  be  used  in  con- 
junction with  the  one-way  slab  design  procedure  cited  above,  to  complete 
design  steps  for  diagonal  tension,  pure  shear  and  bond. 

7.  Load-mass  factors,  if  desired  for  use,  are  included  in  Chapter 
11,  Ref.  81. 
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Flat  Slabs 


Design  of  flat  slabs  to  resist  blast  loads  is  not  included  in  our 

2 

principal  source  document.  An  often  cited  source  herein,  however,  gives 

a bilinear  resistance  function  approach  to  such  design,  but  limited  to 

transformation  factors  and  other  such  data  for  square,  interior,  uniform 
33 

load,  flat  slabs.  Tabular  information  covers  column  capitals  that  are 
square  and  can  vary  in  size  from  5%  to  25%  of  the  column  spacing. 

The  design  approach  follows  similar  steps  to  those  used  so  frequently 
herein,  starting  with  one-way  slabs,  simply  supported,  that  the  procedure 
described,  even  though  brief,  should  be  understandable  and  useful  to  the 
designer  who  has  familiarized  himself  with  the  design  procedures  for  other 
structural  members  described  herein. 
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Miscellaneous  l)e  s_i£n_  Techniques 


A.  Numerical  Methods  - Beams 

Handbooks  provide  many  formulas  for  beams  under  various  support  con- 
ditions, but  most  are  applicable  only  to  prismatic  beams  in  calculating 

3 19  100 

stiffness  and  deflections,  for  example.  ’ Numerical  methods  become 
very  useful  to  the  designer  dealing  with  blast  loadings,  when  faced  with 
such  things  as  tapered  steel  sections,  or  even  normal-design  reinforced 
concrete  members  wherein  rebars  are  often  cut  off  are  various  points  in 
the  span.  For  the  R/C  members,  moment  of  inertia  I is  most  'often  taken 
as  the  average  of  the  gross  section  I and  the  transformed  section  I,  mean- 
ing that  the  member  is  non-pr ismat ic . Further,  ability  to  handle  non- 
prismatic  members  can  be  coupled  with  learning  a numerical  method  for 
calculating  the  maximum  flexural  and  axial  stresses  in  a beam-column, 
whether  or  not  the  loading  system  is  a complicated  one.  This  section  is 
thur  a necessary  prelude  to  the  following  one. that  deals  with  beam- 
columns. 

This  section  deals  with  lateral  l9ads  on  a beam  (or  section  of  a 
slab);  oblique  loads  can  be  resolved  into  lateral  and  axial  loads,  then 
dealt  with  as  described  in  the  next  section,  as  can  eccentric  axial  loads 
and  direct  moment  loads. 

Distributed  lateral  loads  can  be  treated  in  two  types,  those  varying 
linearly  and  non-llnearly  over  a section  of  the  beam;  Figure  6-14  shows 
formulas  for  converting  such  distributed  loads  into  concentrated  loads 
the  use  of  which  will  lead  to  values  needed  by  the  structural  designer, 
l.e.,  shear,  moment,  end  and  chord  slope,  and  deflection,  each  at  se- 
lected points  termed  herein  "node  points."  The  linearly-varying,  or 
trapezoidal,  loading  can  vary  in  spacing  at  any  or  all  node  points  (or 
simply  "nodes");  if  linear  over  more  than  one  node  spacing  h - say  over 
points  a,b,c  - the  respective  concentrated  loads  would  be  (2a+b) , 

(a+4b+c)  and  (2c+b),  all  multiplied  by  h/6  as  a common  multiplier  carried 
at  the  right  side  of  the  calculation  sheet  for  convenience. 
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FIGURE  6-14  EQUIVALENT  CONCENTRATED  LOADS  FOR  DISTRIBUTED  LOADS 
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The  non-linearly-varying,  or  parabolic,  loading  is  so-called  for 
convenience  and  because  a parabola  passed  through  three  points,  uniformly 
spaced,  is  used  for  obtaining  equivalent  concentrated  loads  in  this  case; 
Figure  6-14  shows  how  to  calculate  end  values,  central  value,  and  both 
forward  and  backward  portions  of  the  central  value.  For  a parabolic  (or 
curved)  loading  extending  over  more  than  two  EQUAL  node  spacings,  the 
central  value  formula  would  be  used  as  often  as  needed  to  deal  with  all 
central  values.  It  is  important  to  emphasize,  however,  that  should  any 
break  in  the  curve  intervene  (for  such  things  as  a concentrated  load 
superimposed  on  the  distributed  load,  or  a variation  in  I (or  even  E 
which  can  be  dealt  with  in  the  same  manner  as  a varying  I)),  then  each 
curved  section  of  the  loading  must  be  broken  into  nodes  so  that  each  such 
section  has  at  least  two  equal  node  spacings.  Examples  to  follow  should 
help  to  make  this  matter  clear.  The  common  multiplier  for  the  parabolic 
loading  is  h/12. 

Downwar-^  loads  are  taken  as  negative  in  order  that  moments  will  be 
positive  at  such  places,  for  example,  as  the  central  portion  of  a simply- 
supported  beam.  Deflections  are  obtained  through  use  of  the  conjugate 
beam  method;  for  review,  the  method  first,  goes  through  the  usual  calcula- 
tions of  loads,  reactions,  shears  and  moments,  then  goes  through  a similar 
set  of  calculations  using  the  M/EI-diagram  as  the  loading  on  the  beam, 
which  calculations  yield  end  and  chord  slopes,  then  deflections.  M/EI- 
diagram  "loadings"  are  also  taken  as  negative  wh<;n  downward,  thus  leading 
to  deflections  where  positive  values  mean  downward.  Unfortunately,  this 
sign  convention  provides  end  and  chord  slopes  that  are  reversed  in  sign 
from  the  usual  convention  for  slope. 

Figure  6-15  shows  a distributed  load  converted  to  two  concentrated 
loads  by  using  the  trapezoidal  formulas,  then  calculation  of  trial  shear 
values  (just  guess  at  left  reaction  or  first  node  space  value)  and  mo- 
ments, then  application  of  a line  of  moment  correction  values  (varying 
linearly  across  the  span  - in  reality  only  shifting  the  base  line)  to 
bring  the  right  support  moment  to  zero,  then  finally  calculation  of  the 
corrected  moments  and,  if  desired,  the  corrected  shears  and  the  reactions. 


6-147 


0 


I i i 

/3*f^,  /e>^  e/  ^ d?  ~ / — ^ 4*  4* 

7}~/jr/  S4a^r  ^ : -/  ! -^  , -5  '-^ 

T^ydf/  ^ 

d>  ^ 7 

^ 7/0  ^ C> 


y4r)^  = 


-i/-'  7 7 


-S-  -s 


: j 

\ /T70^^lmf/s  X- ^ Jtyoy^or-tit  : i 

4|2  /3i  jg/z  'fi.,  ; I 

! ; < ^ ^ : I 

1 ^ . • dZ.  zo-  Z V-  ^ ^ )C^  Z.  j I 

1 \ ^ '•Ti.  ! , I 

^ ■^yr7~.S/^'7  '*T43'*»>k»p^  ^ \ 

!i  I ^ 4 H 


"z  ~ir  /2  ' 


^ r^  I ^ 


FIGURE  6-15  BEAM  WITH  TRIANGULAR  LOAD  OVER  PART  SPAN 
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Figure  6-16  shows  the  calculations  involved  in  carrying  a single 
concentrated  load  through  to  moments  and  deflections.  Note  that  such  a 
load  will  yield  a straight  line  (or  trapezoidal)  -M/EI  loading  for  the 
conjugate  beam,  thus  the  trapezoidal  formulas  (Figure  6-14)  are  used  for 
concentrating  the  -M/EI  loading  in  this  case. 

Both  Figures  6-15  and  6-16  show  "proofs"  that  the  user  can  apply  if 
desired . 

Figure  6-17  shows  two  problems,  still  using  only  the  trapezoidal 
concentration  formulas.  Note  the  shifts  of  values  to  the  common  multi- 
pliers, solely  for  cal culat ional  convenience,  in  this  Figure  and  in 
Figures  6-15  and  6-16. 

Figure  6-18  shows  a simple  distributed  load  problem,  which  the  user 

3 19 

can  check  against  handbook  formulas.  ’ It  serves,  however,  to  intro- 
duce use  of  the  parabolic  concentration  formulas.  Note  that  the  trape- 
zoidal formulas  are  used  to  get  equivalent  concentrated  loads,  for  the 
shear  and  moment  calculations,  then  the  parabolic  formulas  are  used  to 
concentrate  the  distributed  -M/EI  loading  on  the  conjugate  beam,  leading 
to  slopes  and  deflections.  Note  that  end  shear  and  end  slope,  each  on 
the  left  side  of  the  tabulation,  need  not  be  first  "guessed"  (i.e.,  a 
trial  value  used)  as  it  was  for  end  shear  in  Figure  6-15,  but  may  be 
quickly  calculated  due  to  symmetry  of  loading  (as  it  was  in  Figure  6-16) . 

Figure  f-I9,  although  symetrically  loaded,  adds  the  complications  of 
a concentrated  center  load  to  the  problem  of  Figure  6-18.  Figure  6-19 
shows  the  combining  of  concentrated  loads,  from  those  obtained  through 
use  of  the  concentration  formulas  applied  to  distributed  loads,  plus  any 
loads  that  were  actual  concentrated  loads  in  the  original  problem  state- 
ment. Shears  and  moments  readily  follow,  once  the  combined  concentrated 
loads  are  available.  Moving  to  the  concentration  of  the  -M/EI  loading 
on  the  conjugate  beam,  however,  shows  the  calculation  of  separate  values, 
backward  and  forward,  at  the  "cusp"  caused  by  the  original  concentrated 
load  of  12wh;  the  two  separate  values  are  then  simply  added,  totalling 
-858.  For  comparison,  the  Figure  shows  the  value  (lined  out)  calculated 
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FIGURE  6-16  BEAM  WITH  CONCENTRATED  LOAD  AT  MID-SPAN 
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FIGURE  6-19  BEAM  WITH  UNIFORMLY  DISTRIBUTED  AND 
MID-SPAN  CONCENTRATED  LOADS 
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with  the  "cusp"  ignored,  which  action  would  result  in  incorrect  slopes 

and  deflections.  (The  "check"  shown  comes  from  use  of  handbook 
3 19 

formulas.  ’ 

Figure  6-20  uses  a problem  whose  real-life  occurrence  is  most  unlike- 
ly. The  problem  serves  to  illustrate  several  techniques,  however,  that 
should  be  useful: 

• Varying  node  spaclngs  h and  their  handling,  because  they  are 
likely  to  occur  in  actual  applications;  calculations  are  made  easier  by 
reducing  each  node  spacing  to  a multiple  of  a reference  spacing  h^. 

Note  that  the  multiples  are  used  where  needed,  but  each  time  in  such  a 
way  that  two  adjacent  multiples  with  different  values  are  never  just 
"averaged";  instead  the  change  is  treated  as  was  the  -M/EI  diagram  cusp, 
l.e.,  backward  and  forward  concentration  formulas  are  used  on  each  side 
of  the  node  point  where  the  spacing  changes. 

• Varying  I (a  non-prlsmatic  beam)  and  its  handling,  which  is  sim- 
ilar to  that  just  described  for  a mix  of  node  spaclngs  h and  use  of  a 
reference  spacing  h^.  Again,  any  averaging  of  different  multiples  is 
studiously  avoided. 

• End  moments,  fully-fixed  or  not,  are  applied  to  a simply  supported 
beam  for  purposes  of  making  the  calculations.  In  Figure  6-20,  the  beam 
used  for  calculations  is  not  fixed  at  the  left  end,  as  is  the  actual  beam. 
Instead  the  left  end  slope  is  obtained  from  a set  of  simple  beam  calcula- 
tions; a separate  set  of  calculations  shows  the  slope  resulting  from  the 
application  of  an  assumed  end  moment  alone;  the  needed  F.E.M.  (fixed  end 
moment)  at  the  left  end  to  bring  the  first  simple  beam  slope  back  to  zero 
is  readily  calculated  (variation  is  linear);  finally  the  F.E.M.s  at  each 
node  point  are  simply  added  to  the  moments  obtained  from  the  first  set  of 
(simply  supported)  calculations,  the  result  being  the  actual  moment  values 
at  each  node  point  of  the  real  (propped  cantilever)  beam.  Should  slopes 
and  deflections  be  desired  for  the  real  beam,  the  final  set  of  moment 
values  can  be  used;  -M/EI  loading  is  applied  to  the  conjugate  beam  (which 
is  simply  supported  at  the  left  end,  ot  course). 
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FIG'jRE  6-20  BEAM  WITH  FIXED  END,  MIXED  LOADS,  AND  VARYING  I 


• The  treatment  of  an  overhang,  as  at  the  right  end  of  the  beam; 
here  moment  goes  to  zero  at  the  extreme  end  of  the  member,  but  deflection 
goes  to  zero  at  the  support.  Note  that  rlght-to-lef t calculations  use 
subtraction. 

A non-pr Ismatlc  beam  fixed  at  both  ends  requires  separate  application 
calculations  of  a trial  end  moment  at  each  end  of  the  simply  supported 

and  Mj^.  Related  end  slopes  can  be  termed  and 

from  Mj^. 

Using  i and  } for  the  required  slope  corrections  at  the  ends,  in  order 
to  bring  the  end  slopes  back  to  zero  as  was  done  for  one  end  in  Figure 
6-19,  two  simultaneous  equations  in  two  unknowns  (constants  a and  b)  may 
be  written: 

Where  (F.E.M.)  = aM  and  (F.E.M.)  = bM  . The  same  procedure  must  be 

Li  Li  K K 

used  for  an  unsymmetrlcally  loaded  prismatic  beam  (specifically,  the  pro- 
cedure must  be  used  whenever  the  -M/EI-diagram  is  unsymmetrical) . 

There  are  many  techniques  not  discussed  herein,  because  they  are  not 
needed  as  part  of  this  set  of  early  steps  prerequisite  to  the  next  sec- 
tion on  beam-columns.  However,  additional  techniques  are  available  from 
the  two  sources  mentioned  under  Reference  100;  e.g.,  stiffness  and  carry- 
over factors  can  be  quickly  obtained,  equivalent  slngle-degree-of-freedom 
systems  calculated,  and  problems  of  beams  extending  over  three  supports 
solved  (remove  one  support,  find  deflection  at  its  point,  then  calculate 
the  upward  "loading"  required  to  restore  that  point  to  zero  deflection, 
which  is  of  course  the  support  reaction  at  that  point). 

To  close  this  section,  mention  should  be  made  of  one  further  point 
in  connection  with  use  of  the  concentration  formulas.  Figure  6-14.  Should 
the  user  come  to  some  point  in  his  calculations  where  he  is  uncertain 
whether  the  loading  - for  example,  the  -M/EI  diagram  - is  straight  or 
curved  (that  is,  whether  to  use  the  trapezoidal  or  the  parabolic  concen- 
tration formulas),  the  parabolic  formulas  can  always  be  used,  providing 


for  those  resulting  from  Mj^;  and  and  (|>^  for  those  resulting 


equivalent  beam,  say 
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of  course  that  every  (smoothly  curved)  section  of  the  loading  consists 
of  at  least  two  equal  node  spacings.  This  latter  proviso  may  double  the 
work  of  the  user,  unnecessarily  if  the  loading  is  actually  not  curved 
but  is  treated  as  such;  it  might  be  better  to  either  sketch  the  loading, 
or  think  through  a line  of  reasoning  that  should  lead  to  a correct  answer 
on  whether  it  is  straight  or  curved. 
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B.  Numerical  Methods  - Beam-Colmnns 

Once  the  techniques  of  the  preceding  section  on  numerical  methods 
for  beam  problems  is  well  understood,  the  step  to  beam-columns  is  easy: 

The  loads  of  whatever  kind  - lateral,  oblique,  axial,  eccentric  axial, 
or  pure  moment  - must  be  converted  to  some  combination  of  lateral,  axial 
and  pure  moment  loads.  It  is  convenient,  although  not  absolutely  neces- 
sary, to  first  solve  the  beam  problem  at  least  through  to  moments  at  the 
node  points,  if  not  on  through  to  deflections,  using  only  the  lateral 
and  pure  moment  load(s);  the  moments  can  then  be  combined  with  the  mo- 
ments caused  by  each  node  point's  eccentricity  with  respect  to  the  axial 
load(s).  If  the  deflections  due  only  to  lateral  loads  and  pure  moments 
have  been  calculated,  they  are  helpful  in  making  the  first  assumption  as 
to  the  deflected  shape  of  the  member  under  all  loads. 

With  an  assumed  deflected  shape,  moments  due  to  an  axial  load(s)  can 
be  added  to  the  moments  due  to  other  loads  to  get  the  combined  moments  at 
all  node  points;  calculations  can  then  be  carried  through  to  the  deflec- 
tions at  each  node  point,  which  are  then  compared  with  the  assumed  deflec- 
tion values.  If  the  comparison  shows  results  that  are  sufficiently  close 
for  the  user's  purposes,  the  results  can  be  considered  final,  and  the 
various  combinations  of  moment  and  axial  load  at  points  along  the  beam 
column  can  be  appropriately  handled  in  designing  the  member  (Interaction 
equations,  tables  or  diagrams  are  used). 

If  the  results  are  not  considered  to  be  sufficiently  accurate,  a new 
deflected  shape  is  assumed,  and  the  whole  task  is  repeated. 

Figure  6-21  Illustrates  the  numerical  technique,  even  though  only 
lateral  and  axial  loads  are  Included;  the  purpose  was  to  focus  on  the 
Iterative  procedure,  but  all  variations  (such  as  in  Figure  6-20  or  others) 
can  be  Included.  In  Figure  6-21,  deflections  were  first  calculated  using 
only  the  lateral  loads,  from  which  a very  lucky  guess  was  made  as  to  the 
final  deflected  shape;  a second  iteration  was  made,  however,  to  illustrate 
the  technique  and  show  that  the  calculations  converge  on  Improved  answers 
with  each  cycle. 
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FIGURE  6-21  BEAM-COLUMN  WITH  UNIFORM  AND  AXIAL  LOADS 
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c. 


Numerical  Methods  - Newmark.  B Method 


The  solution  of  the  equations  of  motion  for  even  a slngle-degree-of- 

freedom  system  can  readily  be  mathematically  difficult  If  not  Impossible, 

depending  on  the  complexity  of  the  loading  and  resistance  functions.  To 

21 

meet  this  problem,  the  Newmark  6 Method  was  developed  and  has  been  used, 
either  directly  or  In  a modification  developed  by  J.  E.  Beck,  throughout 
Chapter  6 of  Ref.  81,  The  method  Is  capable  of  handling  any  shape  of 
loading  function  and  resistance  function,  although  load,  mass  and  resist- 
ance factors  for  transforming  a given  structural  member  or  assembly  Into 

a slngle-degree-of-f reedom  system  may  have  to  be  derived  If  not  already 

81 

available  such  as  those  In  Table  6.3  (p.  11-21  on).  Appendix  G,  p.G-8, 

provides  a brief  discussion  of  the  use  of  these  factors  (simplified  to 

using  simply  the  load-mass  factor  of  Table  6.3),  and  on  p.  G-29  there  Is 

81 

a comment  on  the  6 method  and  Its  modification  by  Beck. 

Figure  6-22  shows  the  basic  method  In  use;  although  a simple  trian- 
gular load  pulse  and  elasto-plastlc  resistance  function  have  been  used 
(to  facilitate  comparison  with  a chart  solution  discussed  below),  both 
load  and  resistance  can  be  complex  as  mentioned  above.  Only  equations 
with  6*1/6  (as  recommended  by  Newmark  for  the  uses  made  herein)  are 
shown.  The  time  Interval  h should  be  short  enough  to  obtain  convergence, 
for  each  time  step.  In  two  to  four  cycles  of  calculations;  shortening  h 
speeds  the  convergence  (l.e.,  reduces  the  number  of  cycles  per  time  step) 
but  too  much  so  may  Increase  the  total  amount  of  calculatlonal  effort. 
Calculations  are  carried  out  only  until  velocity  reaches  zero,  meaning 
that  the  maximum  deflection  has  been  found  and  that  the  ductility  ratio 

u ( “ X /x  ) may  be  calculated.  Other  comments  are  on  the  figure.  For 
m e 

comparison,  a time-sharing  computer  program  (thus  cheap  labor)  from  which 
the  Newmark  6 Method  could  be  extracted  for  separate  use  furnished  the 
following  results,  using  a time  Interval  h = 0.001  sec.:  x^  » 0.0073; 

U “ 1.858.  (Compare  with  0.0076  and  1.935  from  Figure  6-22.) 

Figure  6-23  shows  the  basic  method  used  to  find  the  natural  period 
of  (elastic)  vibration  of  the  same  member  as  In  the  preceding  figure; 
the  approach  Is  to  use  an  assumed  deflection  applied  to  the  member. 


6-162 


9/76 


6-163 


NE  WMARK 

-i/i  -f 

t 2 


[2  ^^-f- a j 


_-. 

y j"  X 

V/  (V^  Vo.  y 

ar~^ /'/yri-AT^ifj^}  7^ 


L_  ?"  !..  ^ 

L 

TC 

1 /= 

77 

r. 

1^1- 

0 

y.ca/ 

c ! 

¥.e 

t-2-,  JSJZtZ’ 

, * 
c.e^/ 

1 s 

..^,  I 

j 

\-y.ZZrJ7,S 

" X " 

- 

7zJSii. 

a 

— i 

~¥‘7-J>¥s\‘i 

1 -f  . - 

1 

i - 

7i-ahl^ 

' a 

— ! 

1 /#  j '4 

-i 

\ ^ 

3.¥l>*li  ! 

X>yjs  j 

..i  - 

0 

1 

W.*>zSZSz 

^ A I 'ni 

1 

^7,^SZZ^ 

a 

y.fuzz 

\-3XJ3i,iS 

' c,£:2  1 -/ 

^aa^aSioss 

1 ' 

i 

'''7>.i3yz->A. 

! ' ! ^ 

-oy/Xiv-i  ^ 

yy^3i3/^ 

\p./i,fS/Z 

\-c.zr/3Zi 

1 rr- 

— 

£> 

\ ■“"“■■  ■ 

1 - _ . 

p jcjic  5 

' 1 

A i >1 

\tai<^7i  ) 

^ a^o¥V^ 
C>,OZ<2f^^  i / 

■'3./am>^7ai/f 

0 

1 

r # - . . - 

//  'w 

t 

' 

0 

1 

t 

\o.oo¥oz¥i ! 

I 

i ^ 

i 

^iS 

0 

1 - 

1 

'P.aa¥t>xfoL 

i 

/,  ! N* 

1 

' 

~^y77:!o^s' 

0 

^r7>.7037¥2fj\zya¥ozfi>  ^ 

j 

1 -i  j 

i 

7'=^aT>. 

f f— 

z•Z^>¥<^Z,  Z>Z7f^ec, 

1 

f _ . _ . 1 

FIGURE  6-2:1  :irwMARK  6 METHOD  FOR  NATURAL  PERIOD  OF  (ELASTIC)  VIBRATION 


6-16A 


no  loading  pulse,  then  calculate  the  time  required  for  the  member  to  re- 
turn to  zero  deflection,  which  time  is  of  course  1/A  of  the  natural  period 
T = 0.082  therefore.  In  the  example,  only  the  first  and  last  cycles  are 
shown  for  times  0.015  through  0.025.  (For  this  simple  problem,  the  for- 
mula T = 2 IT  s/ndc7~7~k  = 0.080  would  be  used,  except  of  course  in  cases 
LM  e 

such  as  this  where  a numerical  metliod  is  being  demonstrated  with  a simple 
problem,  the  answer  to  which  can  be  checked,  as  has  just  been  done,  by 
other  means.  The  point  is  that  the  method  demonstrated  would  just  as 
easily  handle  a curved  elastic  phase,  as  with  aluminum,  or  a bilinear 
"elastic"  phase,  as  with  a fixed-fixed  siftgle-span  beam.) 

One  blank  form  for  each  method,  basic  and  modified,  are  included 
herein  for  the  guide  user's  convenience. 

The  modified  (by  J.  E.  Beck)  Newmark  6 Method,  for  which  a blank 
form  complete  with  equations  is  provided  herein,  was  used  to  solve  the 
problem  of  Figure  6-22  but  with  the  work  done  in  a computer  program;  a 
computer  program  was  also  used  to  solve  the  same  problem  with  the  basic 
(unmodified)  method.  With  the  latter  altered  from  its  usual  criterion 
of  — ± 1%  to  — ± 0.001%  for  acceptable  agreement  between  the  assumed 
acceleration  (in  the  last  cycle  of  a time  step)  and  the  calculated  accel- 
eration, the  basic  and  modified  methods  gave  identical  results  (six 

\ 

significant  figures)  for  displacement  (and  within  2 in  the  sixth  figure, 
for  acceleration  and  velocity)  at  each  time  calculated:  0.01,  0.02,  0.03, 
O.OA,  0.05,  0.06  sec.  Clearly,  the  modified  method  requires  less  calcu- 
latlonal  time,  definitely  so  if  a programmable  calculator  is  available 
(and  certainly  so  on  a computer).  The  modified  method  is,  however,  lim- 
ited to  governing  differential  equations  of  motion  that  have  1 inear  equa- 
tions of  acceleration,  velocity  and  displacement  (see  App.  G,  p.  G-29, 

Ref.  81)  - the  senior  author  has  never  encountered  a problem  where  this 
limitation  would  apply  (e.g.,  damping  varying  with  some  power,  or  root, 
of  velocity  or  displacement;  or  a curved  resistance  function  that  is 
represented  for  calculatlonal  convenience  by  a non-linear  equation). 
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MODIFIED  NEWMARK  6 METHOD  CBY  J.  E.  BECK) 

^0  + Vph  + + (P  - A)h^/(6  m 

1 + kh^  /(6m  K „) 


3j^  ^ (P  - A - kx^)  / (m  K^) 


'^1  ' ''O  ^ ‘^0  " 


^9TCm 




/L^  ^ 


Damping  may  be  included  in  the  method,  either  as  a function  of  the 
velocity  or  displacement  or  both,  thereby  adding  to  the  total  resistance 
at  each  time  step;  unless  used  for  damping,  there  is  no  need  to  calculate 
the  velocity  until  the  final  cycle  of  each  time  step  in  the  basic  method 
(as  shown  by  line-outs  in  Figure  6-22). 

In  the  resistance  function,  if  the  slope  of  the  plastic  phase  is 
zero,  only  one  cycle  of  calculations  is  needed  in  each  time  step  of  the 
basic  method;  i.e.,  because  Q or  q becomes  independent  of  displacement, 
each  step's  acceleration  may  be  directly  calculated  (a^^  = (P  - Q)  / 

(m  3S  shown  in  Figure  6-22, 

Comparison  of  the  problem  solution  (Figures  6-22  and  6-23)  with  one 
* 

obtained  from  charts  may  be  made  as  follows:  T = 0,082  (Figure  6-22); 

tj  = 0.4  (given);  t^/T  = 4.9;  Pjjj/9y  = 15/18.75  = 0.8  (given);  entering 

the  chart  with  the  latter  two  values  gives  u = 2,  meaning  x = 2 x 

m e 

0.0078,  compared  with  1.93  and  0.0076  values  of  Figure  6-22, 

I 


* Figure  6.1,  page  11-5,  Ref.  81,  which  is  from  Ref.  20;  also  in  Ref. 
16  on  page  108  and  in  Ref.  2 on  page  9-15. 
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D • Probability  in  Engineering  Prob lems 


The  purpose  of  this  short  paper,  prepared  as  a lecture  delivered  at 
the  DCPA  Staff  College  in  courses  in  Protective  Construction,  is  to  pro- 
vide insight  and  a simplified  approach  to  stochastic  solution  of  an  engi- 
neering problem  (in  design  in  this  example).  Instead  of  the  usual  deter- 
ministic solution;  the  latter  gives  a single  solution  to,  say,  a beam 
design  problem,  whereas  the  former  gives  a frequency  distribution  of  many 
solutions  based  on  a probability  approach  (simulation  or  Monte  Carlo). 

Tools  needed  for  this  approach  and  steps  are: 

1.  Frequency  distribution  for  each  significant  parameter  used  in 

a deterministic  solution  of  the  problem.  Each  parameter  must  represent 

19 

a mutually  exclusive  and  equally  likely  event. 

2.  Deterministic  method  for  solution  of  the  problem. 

3.  Source  of  random  numbers  (uniformly  distributed,  not  normally 
distributed) . 

f 

4.  Conversion  of  each  parameter's  frequency  distribution  to  a 

graph  of  its  cumulative  probability  (%)  versus  parameter  range  and  values 
(latter  on  abscissa  scale).  ■*  ’ 

5.  Separate  random  numbers  sequence  is  drawn  for  each  parameter 
(using  2-diglt  numbers  or  the  last  2 digits  of  larger  numbers),  then 
applied  to  thr  ordinate  scale  of  the  appropriate  cumulative  probability 
graph  to  obtain  a sequence  of  values  for  each  parameter. 

6.  Deterministic  solution  is  performed  for  each  set  of  parameter 
values  drawn,  then  a frequency  distribution  of  the  results  is  plotted. 

A wood  beam  design  example  follows,  which  better  Illustrates  this 
stochastic  solution  technique  than  would  more  words.  Wood  beam  design  is 
essentially  a 2-parameter  method,  so  was  chosen  to  keep  brief  the  illus- 
trative example. 

For  many  if  not  most  engineering  problems,  the  frequency  distribu- 
tion of  parameters  may  well  be  limited  by  lack  of  data,  realistically, 
to  a "flat-topped  triangle"  (actually  a trapezoid) . Some  help  in 
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providing  data,  or  In  pointing  to  sources  of  data,  is  available  as  are 

102 

more  details  on  this  paper's  topic  overall  field. 


Simpler  reading,  particularly  sources  that  discuss  frequency  distri- 

. 1 . . .1  u,  19,101,103 

butions  in  a more  or  less  easier  manner,  is  available. 


Random  number  sources  are  many,  including  commercial  time- 

sharing computer  services;  a copy  of  Reference  104  was  used  in  the  course 
lecture.  In  using  2-dlgit  random  numbers  (or  the  last  2 digits  of  larger 
numbers)  versus  cumulative  probability  graphs  running  from  0 to  100  on 
their  ordinate  scales,  the  following  "rules"  (developed  after  the  example 
calculations,  so  not  used  therein)  are  suggested: 


1.  If  the  table  (or  whatever  source)  of  random  numbers  is  2-digit, 
i.e.,  has  numbers  only  from  00  through  99:  add  0.5  to  every  number  drawn, 
then  use  the  00.5  through  99.5  numbers  to  enter  the  ordinate  scale  of  the 
cumulative  probability  plot  for  which  the  random  number  has  been  drawn. 

2.  If  the  table  or  other  source  of  random  numbers  is  3-digit  or 

larger:  read  and  use  only  the  last  two  digits,  then  add  0.5  just  as 

described  in  the  preceding  paragraph.  , 

The  remaining  sheets  of  this  sec*tipn  show  the  illustrative  example, 
with  all  calculations;  the  small  difference  in  effect  of  30  to  50  design 
solutions  on  the  frequency  distribution  of  the  resulting  wood  beam  design 
is  shown  by  the  plots. 
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NOTATION 


The  notation  of  Tables  6.1  and  6.3  and  Flf^ure  6-1  Is  defined  therein  and  excluded  below, 
area  of  temperature  and  shrinkage  steel 

intermediate  equation  values  used  in  conputinfc  other  variables 

area  of  core  of  spirally  reinforced  column  measured  to  the  outside 
diameter  of  the  spiral 

Kross  area  of  section 

area  of  steel  in  a tension  zone 

area  of  steel  in  a compression  zone 

total  area  of  longitudinal  steel  in  a cross  section,  e.g.,  a column 
area  of  steel  in  web  reinforcement  (vertical  stirrups)  within  distance  s 
width  of  loaded  area 
thickness  of  wall  resting  on  footing 
width  of  beam 

unit  length  of  wall  section  under  design 

c,c  ,c  »^i»(  dimensionless  coefficients 
C2,C,  C',C  f 

c ratio  of  distance  between  extreme  compression  fiber  of  a beam  or  slab 

and  the  neutral  axis  to  depth  d (USD) 

D diameter  of  column 

0^  equivalent  design  section  column  diameter  used  for  Table  6.7A 

Dg  diameter  to  the  centroid  of  the  vertical  bars  in  a column 

d distance  from  extreme  compression  fiber  to  centroid  of  tension 

reinforcement 

d'  distance  from  extreme  compression  fiber  to  centroid  of  compression 

reinforcement 

d"  distance  from  centroid  of  tension  reinforcement  to  face  of  tension 

reinforcement  concrete  cover 

d^  distance  from  extreme  compression  fiber  to  the  centroid  of  the  tension 

reinforcement,  which  produces  failure  simultaneously  in  flexure  and 
shear  under  the  same  design  load 


A 

A,B,C 


Ac 

A. 


Ay 


a 

b 

b 
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modulus  ol  elasticity  of  section 


concrete  modulus  of  elasticity 
steel  modulus  of  elasticity 


eccentricity  of  design  load  parallel  to  axis,  measured  from  the 

plastic  centroid,  z • (e  ■ M /P  ). 
r ’ o u u 

base  of  Napierian  or  natural  logarithms 


r, 


db 

^det 


F. 


dv 


‘dc 


dy 


extreme  fiber  stress  In  bending 
dynamic  extreme  fiber  stress  In  bending 

compression  stress  perpendicular  to  grain, or  bearing  stress 

dynamic  compression  stress  perpendicular  to  grain,  or  bearing  stress 

horizontal  shear  stress  (in  wood) 

dynamic  horizontal  shear  stress  (in  wood) 

static  compressive  strength  of  concrete  (28-day  or  later) 

dynamic  compressive  strength  of  concrete 

dynamic  (average)  yield  strength  of  reinforcing  steel 

yield  strength  of  reinforcing  steel,  specification  minimum 

average  of  dynamic  stress  factors  for  steel  and  concrete  ■ 

(f . n + f.  /f  )/2 

dy  y dc  c 
same  as  D,  diameter  of  column 

effective  thickness  of  a column  for  slenderness 
cracked  section  moment  of  Inertia 

In  2-way  slab  design:  I about  centroidal  axis  of  beam  gross  section 
plus  flange  on  each  side  equal  to  smaller  of  2 widths:  ^ times  slab 
thickness,  or  beam  thickness  extending  below  slab 

moment  of  Inertia  of  gross  concrete  area 

moment  of  Inertia  of  steel  area 

In  2-way  slab  design:  I about  centroidal  axis  of  slab  gross  section, 

using  all  of  slab  width  as  If  no  beam(s)  present  (thus,  slab  width 
equals  t2>  half  If  at  discontinuous  slab  edge) 
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ratio  of  distance  betwoon  centroid  of  compression  and  centroid  of 
tension,  to  the  depth  d (WSD) 


stiffness  factor  (elastic  phase) 
weiKhted  dynamic  load  factor 
dynamic  load  factor  (elastic  phase) 

dynamic  load  factor 

dynamic  mass  factor 

lateral  soil  pressure  coefficient 

stiffness  factor  (plastic  phase) 
dynamic  load  factor  (plastic  phase) 
dynamic  resistance  factor 
stiffness  factor 

ratio  of  distance  from  the  extreme  compression  fiber  to  the  neutral 
axis,  to  depth  d (WSD) 

ratios  used  in  R/C  ultimate  strength  design  (see  Ref.  32,  p.  809-8) 

ratio  of  the  distance  from  the  extreme  compression  fiber  to  the  neutral 
axis,  to  depth  d (USD)  (same  as  c) 

clear  height  of  wall 

length  of  stTuctUTe,  or  long  dimension  of  rectangular  footing,  etc. 

outside  (or  plan  view)  dimension  of  square  footing 

span  length  of  member  (clear  span,  unless  otherwise  Indicated) 

In  wall  design  sections,  see  special  footnote  definitions 
bearing  length  at  each  end  of  a wood  beam 
length  of  stirrup  steel 

distance  that  wall  footing  protrudes  from  face  of  wall 
required  development  length,  in. 
available  development  length,  in. 

Napierian  or  natural  logarithms 
ratio  of  length  to  radius  of  gyration 
unsupported  length  of  compression  member 
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M 

M 


u 


m 


n 


P 

P 

P 


cr 


P 

P 

P 

P 


span  length  (c~c  of  supports)  for  2-way  slab  span  under  design 

span  length  (c-c  of  supports)  transverse  to 
bending  moment 
ultimate  bending  moment 
muss,  unit 

ratio  of  steel  to  concrete  moduli  of  elasticity 
in-plane  applied  loading 
critical  buckling  load  of  section 

ultimate  In-plane  capacity  of  the  trial  wall  or  column  section 
reinforcing  steel  ratio,  tension  steel,  positive  moment  (p^  • at  mid-span) 

■ p in  column  design 

g 

reinforcing  steel  ratio,  tension  steel,  positive  moment 
reinforcing  steel  ratio,  compression  steel,  positive  moment 
steel  ratio  that  produces  a balanced  design  In  footing 
(see  first  p above) 

reinforcing  steel  ratio,  tension  steel,  negative  moment 

reinforcing  steel  ratio,  compression  steel  , negative  moment  (end 
tensile  steel) 

* ^st^'^g  used  In  Table  6.7A  in  column  design) 

■ (1  + y)p  ■ (A^+A^)/A^  - 2 A^/A^  in  wall  design 
peak  (unit)  value  of  applied  (air  blast)  loading 
peak  reflected  (air  blast)  overpressure 

ratio  of  volume  of  spiral  reinforcement  to  total  volume  of  core  (out- 
to-out  of  spirals)  of  a reinforced  or  composite  column 

peak  side-on  (air  blast)  overpressure 

reinforcing  steel  ratio,  web  reinforcement  (=^/sb,  for  vertical 
stirrups) 

minimum  recommended  reinforcing  steel  ratio,  web  reinforcement 

static  unit  load,  equivalent  to  dynamic  load  In  assumed  structural 
response  • 
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s 

T 

t 


u 

“< 

V 

V 

« 

w 


w 


y.y' 

E ,Z  ' 


yield  resistance  of  meniber,  general 
bearing  capacity  of  footings,  psl 
bending  resistance 

ultimate  flexural  resistance  of  member 
ultimate  shear  resistance  of  member 

= (n  - 1 ) p”/(np)  , used  in  computing  cracked  (transformed)  section  properties 

ratio  of  required  rebound  resistance  to  direct  load  resistance 

spacing  between  main  horizontal  bars 

spacing  of  web  reinforcement  (vertical" stirrups) 

natural  period  of  vibration 

thickness 

effective  duration 

equivalent  design  section  wall  thickness  used  for  Table  6.6A 
tine  to  reach  maximum  deflection 
duration  of  positive  overpressure  phase 

duration  of  Initially  peaked  triangular  replacement  loading  pulse  (with 
decay  defined  by  tangent  to  overpressure-time  curve  at  Pg^) 

bond  stress 

allowable  dynamic  bond  strength 
total  shear  at  critical  section 
vertical  shear  In  a member 
weapon  yield 

conversion  factor  relating  resistance  of  a one-way  slab,  spanning 
in  shorter  direction  of  a two-way  slab,  to  resistance  of  the 
latter,  with  resistances  In  terms  of  uniform  loading  on  both 

design  slabs 

In  2-way  slab  design:  peak  load  (at  mid-span)  per  unit  length 

of  a support  beam  (short  side  of  slab) 

In  2-way  slab  design:  equivalent  uniform  load  per  unit  length 

of  a support  beam  (short  side  of  slab) 

Intermediate  equation  values  (dummy  variables) 
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plastic  cantrold  (see  a General  Note,  page  6-89) 
deflection  of  member  at  effective  yield  point 
man.  deflection  of  member 
stirrup  Inclination  angle 

ratio  of  short  to  long  spans  (c-c  of  supports),  in  2-way  slab  design 

- L /I  (-  E , I. /E  I should  be  used  if  E . ^ E ) 
b 8 cb  b cs  s cb  cs 

coefficient  In  Newmark  fl  Method  (Ref.  21) 

factor  used  in  computing  the  effective  compression  area  in  USD 
■ Dg/D  (see  Figure  6.7A);  wall  design  definition  In  Figure  6.6A 
moment  multiplier  as  used  in  Tables  6.6a  and  6.7A 

amplification  factor  associated  with  P - A effect  (l.e.  in-plane  load) 

strain  In  tension  reinforcing  steel 

strain  In  compression  reinforcing  steel 

concrete  yield  strain 

steel  yield  strain 

ductility  factor,  ratio  of  maximum  to  yield  deflections 
same  as  p^ 
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Table  8.0A  (Addendum) 


ENGINEERING  NEWS-RECORD  COST  INDEXES  USED* 


Month 

and 

Year 

EN-R 

Date 

Issue 

Page 

20-Cities 

Average 

San  Francisco 

Building 

Cost 

Index 

Constrn 

Cost 

Index 

Building 

Cost 

Index 

Constrn 

Cost 

Index 

12/67 

12/21/67 

88 

690 

1103 

764 

1318 

1/68 

3/21/68 

85 

692 

1107 

765^ 

1317^ 

3/68 

3/21/68 

77 

698 

1117 

768 

1316 

b/68 

6/20/68 

118 

718 

1154 

781 

1329 

6/70 

9/17/70 

87 

830 

1369 

857 

1515 

6/71 

6/17/71 

82 

944 

1575 

1003 

1709 

6173 

6/21/73 

101 

1138 

1896 

NA 

NA 

3/76 

3/18/76 

63/67 

1378 

2322 

1514 

2813 

* In  Tables  8.0A  through  E,  to  convert  from  estimates  based  on  6/68  and 
6/70  San  Francisco  costs  to  1/68,  6/71  (report)  and  6/73  (report) 
"20-cities  average"  estimates. 81 

t All  Indexes  above  are  1913  = 100  base.  To  convert  "20-cities  average" 
Indexes  to  1967  » 100  base,  divide  1913  = 100  base  values  by  follow- 
ing factors:  BCI,  6.715A;  CCI,  10.704;  MCC,  2.9433. 

t Obtained  by  Interpolation  between  12/67  and  3/68  values. 
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CONTINUITY/CORRECTION  SHEETS  FOR  INCORPORATING  APPENDIX  A 

into  Reference  81 

(or  its  predecessors.  References  50,  61,  62  and  80) 


B-1 


Cost  Estimates 


The  inii>ortance  of  sound  cost  estimates  for  the  case  studies  herein®^ 
is  twofold: 

• As  a check  of  the  success  of  each  case  study,  measured  against 
the  stated  Scope  of  the  guide,  a specified  level  of  protection 
for  not  more  than  $6/sf*  of  shelter  space.  This  criterion  was 
found  to  be  achievable  at  the  conclusion  of  the  third  case  study, 

• As  a means  of  convincing  architect/engineer  users  of  the  guide 
that  personnel  shelter  capable  of  considerably  reducing  the 
lethal  area  around  a nuclear  detonation  is  p<jssible  through 
full  lanting.  Tiiis  criterion  is  best  served  by  the  descrip- 
tion that  follows  of  the  cost  estimating  method  used. 

^ ‘f* 

As  described  more  fully  later  in  this  guide,  each  case  study  build- 
ing was  selected  based  on  its  potential  for  full  slanting,  original  and 
slanted  basement  floor  plans  were  prepared,  and  the  latter  plan  was  keyed 
to  illustrate  a list  of  planned  modifications.  The  modifications  were 
carried  through  design  only  to  an  extent  reasonably  sufficient  for  cost 
estimating,  perhaps  analogous  to  cost  estimating  from  schematics  or  pre- 
liminary design  drawings.  Cost  estimates  were  made  only  for  those  build- 
ing components  to  be  modified,  in  which  case  separate  estimates  were  pre- 
pared for  the  original  and  slanted  versions,  the  sought  for  dollar  value 
being  the  estimated  cost  difference,  whether  an  increase  or  decrease, 
for  each  modification.  Tlie  estimated  cost  difference  is  shown  for  each 
modification  item  in  the  case  studies  that  follow;  estimated  cost  dif- 
ferences  of  less  than  about  -MOO  wore  omitted.  (Study  time  limitations 
precluded  work  to  optimize  slanting  estimated  costs.) 

Since  a construction  cost  estimate  strongly  reflects  the  experience 
and  Judgment  of  the  estimator,  a well-qualified  construction  cost  con- 
sultant made  the  estimates  included  in  this  report.^  He  used  a method 
generally  employed  by  construction  contractors  and  referred  to  as  the 
"Quantity  and  Cost,  or  Materials  and  Labor,  Method"  in  an  OCD  report. 

The  estimates  reflect  construction  costs  in  the  San  Francisco  Bay  Region,^ 
during  June  1968  for  the  first  three  case  studies.  They  include  all 
material  and  labor  costs,  labor  burden,  and  contractor's  profit.  Ex- 
cluded are  such  costs  as  those  for  planning,  design,  financing,  operating 


♦ As  of  January  1968 
t In  Ch,  8,  Ref.  61 

♦ But  costs  are  corrected  to  EN-K's  20-cities  average  in  Table  8-OA, 
Summary  of  Slanting  Cost  Estimates  (page  8-69).®^ 
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and  mal  nt  iMianco , etc.  The  cost  estimating  approach  tjenei'ally  followed 
that  described  in  another  OCI)  reixirt  , which  may  be  consulted  for  any 
further  details  required.*"^ 

An  interestiiiK  item  came  to  the  author  durint'  the  prei>arat  ion  of 
this  guide  in  connection  with  advertising  for  construction  contract  Inds 
for  buildings  and  for  alternates  with  (fallout)  slanting  i ncor ix>ra t ed . 
Invariably  the  alternates  came  in  at  higher  bids.  An  experiment  was 
tried  in  which  a slanted  building  was  used  for  the  basic  bid,  with  the 
unslanted  version  to  be  covereil  by  an  alternate  - the  alternate  again 
came  in  as  the  higher  bid.* 

+ 

A later  article,  prepared  by  a colleague  about  October  1975,  dis- 
cusses full  slanting  cost  estimating  in  more  detail;  a copy  of  the  article 
f ol lows . 


♦ Attributed  to  a private  discussion  with  James  E.  Roembke , then  Deputy 

Assistant  Director  of  Civil  Defense  (Technical  Services),  CCD  (now  DCPA). 
t Gilman  G.  Hoskins,  Sr.  Architect. 
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As  stilted  in  Chapter  possession  of  appropriate  professional  ca- 

pabilities has  been  assumed  for  each  of  the  design  professionals  involved 
in  full  slanting  of  a building.  For  the  mechanical  engineer  or  the  archi- 
tect who  is  to  handle  the  ventilation,  including  air  conditioning  if  any, 
adequate  preparation  should  probably  include  completion  of  the  OCD/IX;PA- 
sponsored  course  in  Environmental  Engineering  (footnote,  p.  1-1),  or 
the  equivalent  in  private  study. The  general  guide  in  the  field  in- 

2 V 

dudes  some  discussion  of  shelter  ventilation. 


Shelter  space  allowances  (Chapter  1),  and  thus  the  metabolic  heat 
from  shel terees,  are  such  that  system  capacities  and  configurations  are 
largely  determined  by  requirements  for  cooling  rather  than  heating.  Heat- 
ing problems  can  often  be  minimized  by  partial  recirculation  of  relatively 
warm  air  from  the  shelter. 


When  outside  temperatures  are  less  than  50  F (10  C*) , which  is  the 
prescribed  minimum  temperature  for  shelters,  the  local  environment  near 
openings  through  which  air  enters  an  occupied  space  may  be  too  cold, 
unless  the  fresh  air  is  either  heated  or  mixed  with  relatively  warm  air 
from  the  space.  As  outside  temperatures  fall,  the  temperature  of  mixed 
air  supplied  to  occupied  spaces  can  be  maintained  at  50  F by  varying  the 
relative  quantities  of  fresh  and  recirculated  air.  The  mixing  process 
is  shown  by  the  example  on  Figure  6-2A: 
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source  is  a major  consideration  and  a major  cost  item,  if  an  auxiliary 
power  supply  is  to  be  provldei;.) 

Human  Tolerances 

See  note  in  third  item  of  the  Bibliography,  and  the  footnote  on 
page  8-94  of  Reference  61.  (Project  study  effort  was  not  available  for 
further  work  on  this  topic.) 
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I'ypical  DosIkhs 


The  purpose  ol  this  section  is  to  pi-ovide  the  manual  user  - archi- 
tect or  engineer  - with  several  building  elements  predesign<?d  so  that 
full  slanting  may  be  applied,  or  at  least  lully  considered,  with  a less 
than  usual  design  effort. 


Typical  designs  of  reinforced  concrete  elements  must  recognize  steel 
specifications  in  current  use  but  not  clearly  included  in  fable  6,1  and 
its  sources.  These  steels  are  those  covered  by  ASTO  Specification  Num- 
bers A615  (Billet  Steel),  A616  (Hail  Steel),  and  A617  (Axle  Steel). 

Use  of  the  latter  two  steels  or  A615  Grade  75  is  not  recommended  for  pro- 
tective structures  because  of  possible  poor  ductility  characteristics; 
if  used,  they  should  be  handled  as  indicated  in  fable  6.1  under  "Hard 
grade  or  rail  steel.”  A615  Grade  TO  has  the  same  specified  minimum  ten- 
sile yield  strength  (TO  ksi)  as  contemplated  by  tlie  Table  6.T  "interme- 
diate grade”  entry;  A615  Grade  60  has  somewhat  less  ductility,  so  a ra- 
tio of  dynamic  design  tensile  yield  strength  to  specified  minimum  (static) 

3 1 

tensile  yield  strength  of  1.2  is  recommended. 


Values  recommended  for  protective  design,  and  used  for  the  typical 
designs  herein,  are  therefore  as  follows. 

•fensile  Yield  Strength 

Minimum  Static  Dynamic  Design 

Billet  steel,  ASTM  A615  Grade  TO  TO  ksi  52  ksi 

Billet  steel,  ASTM  A615  Grade  60  60  72 


Hook  extensions  and  laps  (latter  not  recommended  in  blast  shelters) 
in  rebars  in  protection  design  are  recommended  to  have  a 50%  increase 
over  the  ACI  Code"^ requirements  in  terms  of  bar  diameters.  Similarly, 

4 0 + 

any  planned  welding  of  rebars  must  be  carefully  specified  and  be  of 
the  highest  quality,  ensured  by  excellent  construction  supervision  and 
inspection  methods.  Later  sections  in  this  chapter.  Rebar  Design  and 
Details,  continue  the  discussion  of  rebar  use,  as  does  an  added  subsec- 
tion Just  below  on  Rebar  Laps  and  Splices. 


* Use  of  latest  Code  edition  and  close  inspection  of  all  weliling  are 
strongly  recommended  lor  all  shelter  construction.  Preferably,  all 
rebars  in  blast  shelters  would  be  continuous  between  excellent  anchor- 
ages; if  welding  is  unavoidable,  all  rebars  thus  connected  should  be 
sized  so  as  to  develop  the  lull  strength  of  each  one. 
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It  Is  especially  important  in  the  construction  of  protective  shelter, 
where  large  plastic  deflections  are  contemplated  in  design,  that  the  high- 
est order  of  construction  inspection  be  applied,  to  ensure  full  and  abso- 
lute adherence  to  the  design  drawings/specifications;  extremely  careful 
location  of  all  rebars  is  vital  (improper  installation,  or  non-installa- 
tion, of  even  one  stirrup,  for  example,  has  caused  failure  of  a structure 
in  scale  model  tests). 


A. 


One-Way  Slabs  - Simply  Supported 


Phis  section  includes  simply  supported,*  one-way  slab,  typical  de- 
signs (Kigure  6-2A)  and  rough  estimates  of  related  steel  and  concrete 
quantities  required  (Kigure  6-3B).  The  final  design  procedure  and  the 
rebar  estimating  approach  are  described  in  the  two  subsections  that  fol- 
low. A preliminary  design  procedure  for  such  slabs,  as  well  as  a modi- 
fied preliminary  design  procedure  and  a discussion  of  the  work  leading 
from  one  to  the  other,  is  described  in  Appendix  G,  Section 

Figure  6-3A  is  solely  for  designs  where  p 3 0.02;  It  is  entered  with 
the  desired  clear  span  and  values  may  then  be  read  for:  depth  d for  any 

combinations  of  f^jy  = 52  and  72  ksi , and  f^^  = 3,  4,  and  5 ksi;  stirrup  steel 
ratio  p^  for  the  same  combinations;  and  rebound  steel  ratio  p^  for  the  same 
two  fcjy  values  (p'  is  nearly  independent  of  fc).  Tics  on  the  d versus  L 
curves  show  peak  slab  deflection  (in.)  for  f ^ = 3 and  5 ksi.  All  other 
design  parameters  and  the  design  procedure  followed  are  discussed  in  the 
following  section. t 

Kigure  6-3B  provides  approximate  slab  thickness  and  total  weight  of  re- 
inforcing steel  required  per  foot  of  slab  width,  following  the  same  param- 
eters and  methods  used  in  preparing  Kigure  6-3A. 

Because  the  prevailing  protective  structural  design  methods 
all  use  ductility  as  their  yardstick  and  maximum  deflections  several  times 
larger  than  yield  deflection  are  contemplated  in  such  design,  some  conserv- 
atism in  dealing  with  shear  and  diagonal  tension  is  indicated.  In  other 
words,  if  design  is  based  on  highly  ductile  structural  behavior,  the  de- 
signer must  take  steps  reasonably  to  ensure  against  shear-type  failures, 
which  are  likely  to  be  sudden  and  catastrophic  (entire  overhead  slab  com- 
ing straight  down,  versus  a ductile  failure  where  one  can  hope  for  some 
survivors  under  lean-tos  or  teepees  formed  by  leaning  portions  of  the 
failed  slab).  With  this  background,  vertical  stirrups  are  recommended 
under  the  following  minimums,  even  when  none  may  be  "required"  by  the 
design  procedure:  (1)  first  stirrup  located  at  d/1  or  less  from  face  of 

support,  (2)  maximum  stirrup  spacing  throughout  at  0.5  d,^  and  (3)  stir- 
rups to  tie  all  the  top  and  bottom  longitudinal  steel  together  (as  dis- 
cussed in  later  sections,  Rebar  Design  and  Details). 

* The  section  is  inapplicable  11  (moment)  continuity  with  walls  applies. 

+ To  illustrate  use  of  Figure  6-3A:  assume  fjy=52,  1^=3  and  L=300  in.; 

enter  on  abscissa  scale  at  L3300  in,  and  proceed  vertically;  read 
maximum  deflection  about  15,5  in.  on  curve  and  d=13.8  in.  on  right 
scale;  read  Pv=0.0110  on  left  scale;  read  p '=0.0052  also  on  left. 

* To  illustrate  use  of  Figure  6-3B:  assume  f(jy=52,  1^=3  and  L=300  in.; 

enter  on  abscissa  scale  at  L=300  in.  and  proceed  vertically;  read 
total  weight  of  steel  about  570  pounds  and  approximate  concrete  thick- 
ness about  15.6  in. 

§ And  no  smaller  than  ^>3  bars,  per  section  A. 5.8,  Ref.  60. 
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FIG.  6-9  STRESS  DISTRIBUTION  IN  CIRCULAR  COLUMNS 
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6.  This  step  is  the  same  as  step  T. 

7.  If  the  new  value  from  step  6 was  not  satisfactorily  close 
to  the  previous  caluc  of  My  (from  step  4 or  6),  then  steps  5 and  6 were 
repea  toil  until  the  current  and  previous  values  of  My  from  step  6 were 
satisfactorily  close. 

8.  To  complete  the  desiftn,  the  required  spiral  steel  ratio  was 
calculated : 


Pg  = 0.15  (Ag/Aj,  - 1)  (fc/fy)  or  = 0.12  i^/fy  (6-35) 

whichever  is  larger,  where:  Pg  ( Dg  in  cite<l  references)  is  the  spiral 

steel  ratio;*  A^  is  gross  area  of  column;  A^,  is  area  of  core  (measured 
out-to-out  of  spiral  steel). 

The  rebar  scheme  and  related  assumptions  are  discussed  in  the  next 
section . 


* For  Pg  definition:  see  Pg  on  page  30,  Ref.  60.  For  help  on  design  of 

spirals:  set  page  5-17,  Ref.  69  or  page  3-1,  Ref.  65;  and  page  C-9-is 

a useful  table  in  Ref.  71  (Included  later  herein  as  Table  6.8).  Source 
of  Pg  equations  is  Ref.  60  (sections  10.9.2  and  A, 6. 4. 2). 
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Rebar  UesiRn  and  Details.  'ITie  general  scheme  contemplated  for  steel 
detailing  is  shown  in  Figure  6-10.  In  column  detailing,  required  ductil- 
ity must  be  maintained  to  compensate  for  spalling  and  is  derived  from 
spiral  steel  serving  as  web  reinforcement  (as  do  stirrups  in  slabs  and 
beams).  Because  of  this,  a design  procedure  is  recommended  that  complies 
with  the  requirements  of  Ref.  60,  Appendix  A (Special  Provisions  for 
Seismic  Design),  Section  6 (Special  Ductile  Frame  Columns  Subjected  to 
Axial  Loads  and  Bonding),  some  aspects  of  which  are:  Spiral  reinforcing 

steel  should  extend  from  the  floor  level  in  each  story  up  to  the  lowest 
horizontal  reinforcement  of  the  next  floor  level:*  two  extra  turns  of 
spiral  bar  or  wire  at  each  end  of  the  spiral  unit  are  required  for  anchor- 
age; spiral  spacers  must  be  pr>^vided  as  shown  in  Table  6.8;  and,  minimum 
suggested  bar  size  for  spiral  steel  is  number  3. 


Table  6.9 
spirals.  When 
for  estimating 
floor  level  of 
above,  because 


gives  percentages  and  weights  of  standard  steel  reinforcing 
computing  the  length  of  the  column's  longitudinal  rebars, 
required  steel  quantities,  the  length  used  should  be  from 
the  story  considered  up  to  the  floor  level  of  the  story 
only  welded,  not  lapped,  bars  are  contemplated. 


* See  also  NOTE,  Fig.  6-10. 


■* 

t: 
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Appendix  C 

SELECTED  CORRESPONDENCE  CONCERNING  CONSULTATION 
VISITS  TO  PERSONNEL  OF  REGIONS  4 and  7 


C-1 


DEFENSE  CIVIL  PREPAREDNESS  AGENCY 

RCGION  SEVEN 
POST  OFFICE  BOX  72B7 
SANTA  ROSA  CALIFORNIA  95401 


VJP  (< 


ibVd 


Captain  H.  L.  Murphy 

Manager,  Facilities  and  Housing  Research  Group 
Stanford  Research  Institute 
Menlo  Park,  California  94025 

Dear  Captain  Murphy: 

I wish  to  thank  you  for  your  able  assistance  to  Mr.  James  Brown  of 
this  office  In  the  February  19,  1976,  meeting  with  Mr.  Don  Kasamoto, 
architect,  and  Mr.  Victor  Bar-Din,  structural  engineer,  regarding  the 
blast  hardening  of  the  new  Alameda  Police  Administration  Building. 


We  were  Informed  subsequent  to  the  meeting  that  the  architect  dis- 
cussed blast  hardening  with  Lt.  Charles  Wood  of  the  Alameda  Police 
Department  and  furnished  him  an  estimate  for  an  additional  $100,000 
for  blast  hardening  the  basement  to  15  psl.  Lt.  Wood  was  reluctant 
to  pursue  the  extra  cost  with  the  City  Council  for  fear  of  getting 
the  whole  project  cancelled. 

In  response  to  your  request  for  copies  of  our  latest  guidance  on 
funding  for  blast  hardening,  we  are  enclosing  a copy  of  the  title 
page  and  paragraph  3.31(2),  CPG  1-3. 

Thanks  again  for  all  your  assistance. 


( 


Sincerely, 


Frances 

Regional 


■J 


' y 


K.  Dias 
Director 


Enclosures  2 


MEMO 

TO  0.  N,  Sisson,  DCPA  date  3/4/76 

M.  A,  Pachuta,  DCPA 

tnoM  H,  L<  Murphy,  SRI  location 

SUBJECT  fcDC  under  design  for  Ailamoda,  Calif;  rejection  of  cc 
abiding  blast-full  slanting  to 

Refj  ^^y  memo  of  2/27/76,  same  subject, 

1,  Fonecon  of  a few  minutes  ago  with  Jim  Brown,  DCPA  Region  7 RESG, 
advised  that  the  city  people^  concerned  with  the  new  building  that  is  to 
Include  an  EOC  for  Alanerla,  are  unwilling  to  go  to  the  city  fathers  for 
any  more  money  at  all,  for  fear  of  getting  the  entire  project  cancelled. 

In  short,  the  alreacfy  planned  fallout  slob  over  the  basement  is  »n  they 
go  for.  (I  doubt  that  the  matter  got  to  even  the  City  Manager.) 

2,  Two  lessons  appear  to  be  clear  from  oiu*  experience  with  this  BOO-undei^ 
design! 

a.  Wo  must  get  involved  much  earlier  in  the  planning/design  phases; 

of  then 

b.  We  must  continue  to  work  on  our  design  programs,  getting  nore^lnto 
connuter  programs  (in<iuding  at  least  preliminary  estimates  of  quantities), 
so  that  wo  can,  in  effect,  perform  the  slanting  altejmative  designs  for  the 

A8:S  (subject  to  his%heck^  of  course,  if  he  knowu  how  and  if  the  final  dscislon 
is  to  use  then), 

3,  The  lesson  of  paragraph  2a  is  being  applied  to  State  EOC  expansion 
at  Austin,  Texas  - see  another  memo  on  that  subject,  dated  toda,v. 


DEFENSE  CIVIL  PREPAREDNESS  AGENCY 

REGION  FOUR 
FEDERAL  CENTER 
BATTLE  CREEK.  MICHIGAN  4S0I6 


Mr.  i L.  Mur.r’,  ,• 

Stanford  Research  Institute 
Menlo  Park,  California  94025 

Dear  Mr.  Murphy: 

The  June  18,  1976,  m 'iting  with  the  architects,  structural  and 
mechanical  consultants  and  local  officials  has  resulted  in  a 
positive  attitude  for  consideration  of  blast-resistant  design 
in  the  proposed  new  Stark  County,  Ohio,  Engineer  Office  Build- 
ing and  EOC. 

When  we  requested  your  assistance  we  were  aware  that  design 
funding  for  an  EOC  had  not  been  approved  by  the  County.  How- 
ever, we  all  know  that  if  a new  or  different  design  concept  is 
desired  in  a particular  structure,  it  is  best  to  plant  the  seed 
(which  has  been  accomplished)  before  schematics  are  begun. 

We  thank  you  for  taking  time  out  of  your  busy  schedule  to  ac- 
commodate our  request  and  recommend  that  this  advisory  type  of 
service  continue  to  be  made  available  until  our  Resident  Engineer- 
ing Support  Group  personnel  have  had  a chance  to  work  on  two  or 
three  projects  being  designed  for  blast  resistance. 


Regional  Director 


L 
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STANFORD  RESEARCH  INSTITUTE 
M(NLO  PARK.  CALIFORNIA  940'i2& 
«41S»  376  6200 


June  28,  X976 


Defense  Civil  Preparedness  Agency 
Attn:  Dr.  M,  A.  Pachuta 

ContractinK  Officer’s  Technical  Representative 
Commonwealth  BuildinKi  Room  1048 
1300  Wilson  Boulevard 
Arlington,  Virginia  22209 

Reference:  Contract  No.  IXTPA  01-76-C-0161 

DCPA  Work  Unit  No.  1154H 


Gent lemen : 

In  response  to  a request  of  a IX^PA  Region  4 RKSG  engineer,  Mr.  Bruce 
R.  Newhard,  I accompanied  him  and  Mr.  D,  Bement  of  the  Region  4 staff 
to  a meeting  on  June  18,  1976  with  the  Stark  County  (Ohio)  Engineer/ 
County  Disaster  Services  Agency  Director,  his  staff,  and  his  prospective 
architects  and  engineers  for  a belowground,  10,000  sf  expansion  of 
county  building  spaces,  the  Intention  being  to  discuss  inclusion  of 
some  level  of  nuclear  attack  and  natural  disaster  (tornado)  protection 
for  this  space,  and  to  make  it  servo  both  normal  and  EOC  uses. 

The  attached  copy  of  my  letter  to  the  County  Engineer  reviews  the 
meeting,  my  extensive  briefing,  and  the  publications  (both  final  and 
draft)  left  for  further  consideration.  The  reception  to  consldera'tion 
of  arch  and  conduit  structures  as  on  alternative  to  the  usual  recti- 
linear structures  was  definitely  a positive  one;  however,  my  briefing, 
the  questions  and  the  general  discussion  wore  aimed  at  providing  full 
information,  within  time  constraints,  on  all  salient  aspects  of  both 
structural  approaches,  ns  11  as  many  ventilation  and  emergency  exit 
matters . 

Mr.  Newhard  and  I made  a near-airport  Cleveland  motel  our  ren- 
dezvous point  on  June  17,  for  my  travel  by  air  from  San  Francisco  and 
his  by  own  car  from  Battle  Creek;  timing  was  such  that  we  had  dinner 
together,  which  was  followed  by  an  extensive  discussion  meeting.  The 
latter  quickly  disposed  of  necessary  preliminary  details  concerning  the 
Canton  (Stark  County  seat)  meeting  sot  for  0830  the  next  morning,  then 
turnetl  to  discussion  of  Mr.  Newhard’s  concerns  about  a planned  county 
E<X!  at  Chilton  (Calumet  County),  Wisconsin,  where  only  negligible  blast 
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protection  could  bo  considorod  because  of  its  low  risk  area.  I recom- 
mended that  he  try  to  u«?c  the  ventilation  ducts ''emergency  exits  des- 
cribetl  below,  thereby  gaining  highly  protected  shelter  as  a by-product. 

The  meeting  at  Canton  began  about  0830  and  concluded  at  the  end  of 
lunch  with  Mr,  Cammel  (1330);  discussions  with  DCPA/RKSG  personnel  con- 
tinued during  a ride  in  Mr.  Newhard’s  car  until  we  separated  at  Tole<lo, 

Ohio  at  1630. 

The  matter  of  the  Chilton  'host  area’  EOC  bears  some  discussion, 
because  it  is  probably  representative  of  many  similar  situations.  For 
example,  a county  EOC  in  a low  risk  county,  but  one  that  serves  as  a 
host  area  for  a nearby  higher  risk  population-industry  area(s),  can 
have  an  extremely  important  role  to  play  in  saving  lives.  This  role 
cannot  be  fulfilled  if  the  HOC  has  so  little  protection  as  to  be  vul- 
nerable to  nuclear  attack  (certainly  fallout,  if  not  direct  effects, 
as  from  a MIRV  scatter  attack  around  the  population-industry  or  military 
target,  or  from  a large  yield  weapon  aimed  at  a point  between  two  major 
targets  and  of  sufficient  yield  to  give  the  damage  desired  on  both), 
or  tornado  damage  (as  in  the  instant  case),  or  other  natural  disasters 
(hurricanes,  earthquakes,  etc.).  Certainly  the  EOC  should  be  strong 
enough  to  survive  the  weight  of  debris  from  the  aboveground  portion  of 
its  parent  building;  it  should  have  ventilation/emergency  exit  ducts 
of  sufficient  strength  and  length  to  allow  the  EOC  occupants  to  escape, 
despite  debris  Irom,  or  fire  in,  the  aboveground  building. 

In  the  instant  case,  I suggested  ventilation  ducts/emergency  exits 
on  two  opposite  sides  of  the  aboveground  building,  extending  50  or  60 
ft  away  from  the  building  (and  any  other  buildings),  which  is  a sug- 
gestion made  and  used  olten.  In  normal  use,  one  duct  could  be  for  in- 
take air,  the  other  for  exhaust  air,  and  the  exhaust  air  could  be  si*nt 
out  through  an  enlargement  in  the  duct/emergency  exit,  which  enlarge- 
ment could  house  the  emergency  power  source  for  at  least  minimal  ven- 
tilation and  lighting.  Further,  such  ventilation  ducts/emergency 
exits  could  bo  constructed  of  circular  R/C  sewer  pipe  or  corrugated- 
steel  conduits,  or  corrugated-steel  junior  underpass  (formerly  'cattle- 
pass")  sections.  Each  duct  could  provide  protection  against  all  nu- 
clear weapons  effects,  including  fallout  and  60  psl  or  higher  blast 
and  related  effects  protection,  as  well  as  all  natural  disasters  ex- 
cept flooding;  to  achieve  such  protection,  the  ducts  should  connect  an 
opening  in  the  basement  wall  with  a man-hole  type  of  structure,  and 
simple  blast  closure  doors  should  be  used  to  close  off  both  ends  of  the 
duct.^  Such  a ventilation  ducts  arrangement  should  pmvlde  sufficient 
space  for  emergency  use  by  all  of  the  usual  occupants  of  an  EOC,  cither 
in  small  circular  conduits  (say,  36  in,  dlam,  or  more;  prone  or  silling) 
or  in  such  as  the  cattle-pass  sections  (say,  S'lO  x 7'8  high)  where  there 
is  sufficient  room  for  a double-tier  of  bunk  shelves  down  one  side.  In 
summary,  an  emergency  exit,  or  combination  ventilation  due t/emorgency 
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exit,  could  bo  justified  1 n many  si t un tlons  - personnel  left  in  "hiKh- 
risk  areas  or  moved  into  host  areas  or  in  KOCs  - and  with  proper 
materials  selection  and  design  detailing  could  provide  a very  high 
level  of  protection  indeed. 

This  letter  together  with  its  enclosure  represents  the  assistance 
effort,  under  relcrencod  contract,  provided  to  DCPA  Region  *1  professionals 
(RESG  and  staff),  an<J  to  the  Stark  County  (Ohio)  Disaster  Services 
Agency  Director  and  his  staf f /engaged  professional  engineers  and  archi- 
tects. The  assistance  was  given  prior  approval  in  a fonecon  with  the 
COTR.  It  is  hoped  that  this  report  fulfills  its  intended  need;  comments 
are  invited  and  would  be  appreciated. 


Sincerely  yours, 


* Reference  1;  pp.  H-  2 thru  8-6,  pp.  8-88  thru  8-91,  Appendix  H,  and 
Appendix  H.l  (pp,  -11  and  -12). 

t Reference  2 and  its  references  list. 

* Reference  1;  pp.  6-107  thru  6-118  and  p.  8-7. 
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Mr,  G,  N,  Sisson,  Hqtra,  DCPA  (w/encl) 

Stark  County  Engineer,  Canton,  Ohio  (w/o  end) 
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^l>^..4PORD  RESEARCH  INSTITUTE 
MtNLO  PARK.  CALIP0«N«A  94025 
14151  326  6200 


June  2H,  1976 


County  Engineer,  Stark  County 
County  Oflicc  Building 
209  West  Tuscarawas  Street 
Canton,  Ohio  '1-1702 

Attn:  S,  A,  Cammel , Deputy  County  Engineer  (Administration) 

rx*ar  Sir: 

On  June  18,  I accompanied  Mr.  Bruce  R.  Newhard  of  the  Defense 
Civil  Preparedness  Agency's  Region  4 HESG,  Battle  Creek,  to  a meeting 
in  your  offices,  the  subject  being  early  planning  for  an  addition  to 
your  county  office  spaces  of  about  10,000  sf  of  belowground  space  for 
dual  use,  normal  and  E(X.  The  meeting  began  at  8:30  a.m.  and  con- 
tinued until  lunch  time  generally;  it  extended  through  lunch  but  only 
with  your  Mr.  Cammel,  and  Messrs.  Newhard  and  D.  Bement  of  IX^PA.  Our 
participation  was  intended  to  be  advisory  only,  in  which  connection 
1 gave  an  extended  briefing  and  left  one  copy  each  of  the  following 
documents  for  your  staff: 

• Murphy,  H,  L. , J.  R.  Rempel , and  J.  E.  Beck,  SLANTING  IN  NEW 

BASEMENTS  FOR  COMBINED  NUCUiAR  OTJiPONS  EFFECTS:  A Consoli- 

dated Printing  of  Four  Technical  Reports,  Stanford  Researcji 
Institute  Technical  Reports,  3 vols.,  for  U.S.  Defense  Civil 
Preparedness  Agency,  October  1975.  (AI>-A023  237) 

• Arch  and  Conduit  Structures  - Corrugated-Steel  and  Reinforced 
Concrete  - consisting  of  20  pages,  DRAFT  copy. 

The  briefing  covered  many  matters  that  are  included  In  the  above 
3-volume  publication  (available  for  purchase,  if  additional  copies 
are  needed,  from  NTIS,  Springfield,  Virginia  22151,  by  citing  the 
AD-  number  shown);  for  example,  matters  from  Chapters  6,  8 and  10, 
as  well  as  Appendixes  E through  M,  were  covered  in  the  briefing  to 
varying  degrees. 
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A second  set  of  copies  of  the  above  two  publications  is  enclosed, 
as  well  as  one  sot  of  DItAFT  notes  on  special  topics  as  follows: 

• Rebar  Laps  and  Splices  - consisting  of  three  paKo*s. 

• Numerical  Methods  ior  Structural  Analysis  - consisting  of  23 
DRAFT  paKOS. 

• Alternate  Final  Design  Procedure  (for  symmetrically  reinforced 
walls)  - consisting  of  16  pages. 

• Table  8.0A  (addendum)  - Engineering  News-Record  Cost  Indexes 
Used  - consisting  of  two  pages. 

• Probability  in  Engineering  Problems  - consisting  of  15  pages. 
This  set  has  no  suggested  pagination  - recommend  putting  it 
Just  ahead  of  page  6-119. 

Finally,  by  copy  of  this  letter,  the  structural  engineer  attending 
the  meeting,  R.  I.  Campbell,  P.  E.,  is  furnished  with  one  copy  each  of 
the  above  DRAFT  papers,  at  his  earnest  oral  request  made  at  the  meeting. 

All  DRAFT  papers  are  paginated  for  Insertion  in  the  3-vol.  pub- 
lication, except  as  noted  above. 

1 enjoyed  meeting  with  your  personnel  and  the  attending  architects, 
and  mechanical,  electrical  and  structural  engineers.  I found  them 
quick  to  grasp  concepts  and  information  from  a field  that  I believe 
was  largely  new  to  them,  as  well  as  open  to  new  approaches  to  your 
problem  of  a considerable  addition  of  county  dual  use  (normal/EOC)  ' 
office  space,  in  particular  the  potential  use  of  arch  and  conduit  struc- 
tures as  an  alternate  to  the  usual  rectilinear  structures. 

It  would  be  a pleasure  to  assist  you  further  in  any  way  I can. 
Arrangements  should  be  made,  of  course,  through  the  DCPA  Region  4 RESG, 
as  before.  Best  wishes  tor  the  success  of  your  expansion  plans  and  for 
a minimum  of  problems  and  obstructions. 


Sincerely  yours, 


Facilities  and  Housing  Research 

cc : Mr,  G,  N.  Sisson,  Hdqtrs,  DCPA 

Dr.  M.  A.  Pnehuta,  " " 

Mr.  Bruce  R.  Newhard,  RKSG,  DCPA  Region  4 
K,  I.  Campbell,  P.  E,  (Cleveland) 


Appendix  D 

RECENT  LETTERS  OF  SUPPORT  FOR  CONTINUED  AVAILABILITY  OF 
ON-CALL  SPECIALIZED  TECHNICAL  HELP 

from 

DCPA  Regions  3,  5 and  6,  and  the 
Army  Office  of  the 
Chief  of  Engineers 
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DEFENSE  CIVIL  PREPAREDNESS  AGENCY 

REGION  THREE 
FEDERAL  REGIONAL  CENTER 
THOMASVILLE.  GEORGIA  31792 


February  22,  1977 


Mr.  H.  L.  Murphy 
Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 


Dear  Mr.  Murphy: 

We  have  many  areas  in  Region  Three  that  require  blast  resistance  in  their 
vi tal  ^Emergency  Operating  Centers. 

Changes  such  as  the  introduction  of  blast  resistance  into  the  local  EOC,  are 
accepted  verly  slowly  by  our  local  governments.  In  the  near  future  we  expect 
to  start  building  five  to  fifteen  psi  overpressure  resistance  into  Emergency 
Operating  Centers. 


While  we  have  training  in  the  theory  and  design  of  blast  resistance  structures 
we  cannot  provide  consultants  with  the  capability  to  provide  immediate  working 
knowledge  of  specially  blast  resistant  design  to  the  architectural  profession 
because  we  have  not  done  enough  practical  design  work  to  maintain  proficiency 
in  this  highly  specialized  field.  Over  the  next  year  or  two  it  will  be  very 
important  to  us  to  have  the  services  of  a consultant  with  special  expertise  in 
blast  resistance  design.  It  will  expedite  our  EOC  program  and  be  cost  effective 
also  when  the  program  is  looked  at  in  its  entirety.  We  hope  you  will  continue 
to  make  such  expertise  available  while  the  blast  resistant  program  is  under- 
going its  birth  pains. 


Sincerely, 


/ 


Roy/0 . 
Chief, 


Wilham 

Engineering  Services 
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DEFENSE  CIVIL  PREPAREDNESS  AGENCY 

REGION  FIVE 

FEDERAL  REGIONAL  CENTER 
DENTON.  TEXAS  76201 

J ,,„'7 


Mr.  H.  L.  Murphy 
Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  California  94025 

Dear  Mr.  Murphy: 

The  technical  consultation  you  provided  to  the  State  of  Texas 
during  1976,  concerning  the  blast-resistant  design  of  their  EOC 
expansion  was  greatly  appreciated,  both  by  the  State  and  Region 
Five.  The  final  plans  for  the  Texas  State  EOC  expansion  have  not 
been  completed;  however,  preliminary  plans  have  been  submitted  to 
the  Texas  State  Department  of  Public  Safety  (DPS)  Building  committee 
for  review  and  recommendations.  The  technical  advice  you  provided 
on  multi-plate  steel  arches,  to  the  State  and  Region  Five  during 
your  personal  visit,  may  well  lead  toward  a more  economical  and 
superior  blast-resistant  structure.  The  specialized  technical 
assistance  of  the  type  you  provided  will  be  needed  more  than  ever 
as  DCPA  moves  into  the  field  of  Crisis  Relocation  Planning. 

Thank  you  for  your  time  and  personal  interest  in  our  Texas  project. 

I expect  several  other  blast-resistant  EOC's  will  be  considered  for 
construction  in  high  risk  areas  in  Region  Five  during  the  next  year 
or  two. 

I trust  that  you  found  Region  Five  hospitable  enough  to  assist  us 
once  again  as  the  need  arises. 


Sincerely, 


Kyle  Thompson 
Regional  Director 


DEFENSE  CIVIL  PREPAREDNESS  AGENCY 

REGION  SIX 

DENVER  FEDERAL  CENTER  BUILDING  710 
DENVER,  COLORADO  80225 


P’ebruaj’y  15,  1977 


Mr.  H.  L.  Murphy 

Stanford  Research  Institute 

Menlo  Park,  California  9^025 

Dear  Tir.  Murj^hy; 

^fessrs  Charles  Powell  and  David  Prothero  of  our  RESG  Staff  corrpleted 
your  class  in  Protective  Construction,  covering  the  concept  of 
slanting  blast  protection  into  new  construction  involving  civil 
defense  facilities. 

Mr.  Powell  has  brought  to  my  attention  that  your  services  as  a 
consultant  are  available  to  each  Region,  if  and  when  needed,  to 
persuade  Architects,  Engineers,  and  Local  Officials  to  blast  slant 
the  design  of  new  EOCs  in  high  risk  areas. 

Vie  in  Region  Six  have  not  availed  ourselves  of  your  services  as  yet, 
but  hope  to  do  so  in  the  not  too  distant  future.  We  are  working  on 
two  or  three  EOC  projects  in  high  risk  areas  that  are  about  to  the 
stage  of  development  where  your  personal  services  would  get  the  Job 
done. 

We  certainly  hope  your  services  will  continue.  We  agree  it  is  impracti- 
cal and  illogical  to  expect  engineers,  who  must  have  a general  under- 
standing of  the  total  field  of  engineering,  to  also  be  expert  in  the 
highly  specialized  field  of  blast  protective  design  in  structural 
engineering.  First,  many  qualified  structural  engineers  have  not 
had  the  advanced  degree  training  coincident  with  this  specialty  to 
become  fi’lly  expert.  Second,  the  engineers  in  the  Region  do  not 
encounter  sufficient  numbers  of  projects  requiring  this  level  of 
design  to  become  wholly  proficient  in  the  protective  design. 

I look  forward  to  our  working  together  when  time  dictates. 

Sincerely , 

/ . 

' - D.  G.  Harrison 

Regional  Director 


DEPARTMENT  OF  THE  ARMY 

OFFICE  OF  THE  CHIEF  OF  ENGINEERS 
WASHINGTON,  O.C.  203M 


REM„Y  TO 
ATTENTION  OEl 


DAEN-MCP-C 


25  February  1977 


Mr.  H.  L.  Murphy 

Stanford  Research  Institute 

Menlo  Park,  California  %025 


Dear  Mr,  Murphy: 

We  appreciate  your  continued  support  of  the  National  Shelter  Survey  and 
related  programs  particularly  in  the  field  of  nuclear  blast  resistance. 

Your  training  of  our  selected  engineers  at  the  Defense  Civil  Prepared- 
ness Agency  Staff  College,  Battle  Creek,  Michigan,  has  been  of  great 
value.  Most  important  is  the  consulting  support  that  you  have  furnished 
to  our  field  personnel,  in  the  past,  when  a specialist  in  the  field  of 
dynamic  loadings  was  required. 

We  trust  that  you  will  endeavor  to  fit  us  into  your  busy  schedule,  in 
the  future,  when  we  need  help. 


Sincerely, 


TOMASSONI 

''Acting  Chief,  Civil  Preparedness  Branch 
Program,  Planning  and 

Civil  Preparedness  Division 
Directorate  of  Military  Construction 


DISTRIBUTION  LIST 


No.  of 

Organization  Copies 

Defense  Civil  Preparedness  Agency  50 

Research  and  Knglneerlng 
Attention:  Administrative  Officer 

Washington,  D.C.  20301 

Assistant  Secretary  of  the  Army  (R&D)  1 

Attention:  Assistant  for  Research 
Washington,  D.C.  20310 

Chief  of  Nava]  Research  1 

Washington,  D.C.  20360 

Commander,  Naval  Supply  Systems  1 

Command  (0A21G) 

Department  of  tlie  Navy 
Washington,  D.C.  20376 

Commander  1 

Naval  Facilities  Engineering  Command 
Research  and  Development  (Code  0322C) 
Department  of  the  Navy 
Washington,  D.C.  20390 

Defense  Documentation  Center  12 

Cameron  Station 
Alexandria,  Virginia  22314 

Civil  Defense  Research  Project  1 

Oak  Ridge  National  Laboratory 
Attention:  Librarian 

P.O.  Box  X 

Oak  Ridge,  Tennessee  37830 

Chief  of  Naval  Personnel  1 

(Code  Pers  M12) 

Department  of  the  Navy 
Washington,  D.C.  20360 

L'.S.  Naval  Civil  Engineering  1 

Laboratory 

Attention:  Document  Library 

Port  Hueneme,  California  93041 

Director,  Civil  Effects  Branch  1 

Division  of  Biology  and  Medicine 
Atomic  Energy  Commission 
Attention:  Mr.  L.  J.  Deal 

Washington,  D.C.  20545 

Air  Force  Special  Weapons  1 

Laboratory 

Attention:  Technical  Library 

Kirtland  Air  Force  Base 
Albuquerque,  New  Mexico  87117 

AFWL/Clvil  Engineering  Division  1 

Kirtland  AFB,  New  Mexico  87117 
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Civil  Engineering  Center/AF/PRECET  1 

Wright-Pat terson  AFB,  Ohio  45433 

Chief  of  Engineers  1 

Department  of  the  Army 
Attention:  ENGME-RD 

Washington,  D.C.  20314 

Office  of  the  Chief  of  Engineers  13 

Department  of  the  Army 
Attention:  Mr.  Tomassonl 

Washington,  D.C.  20314 

Director,  U.S.  Army  Engineer  1 

Waterways  Experiment  Station 
Attention:  Document  Library 

P.O.  Box  631 

Vicksburg,  Mississippi  39180 

Director,  U.S.  Army  Engineer  1 

Waterways  Experiment  Station 
Attention:  Nuclear  Weapons  Effects 

Branch 

P.O.  Box  631 

Vicksburg,  Mississippi  39180 

Director,  Defense  Nuclear  Agency  1 

Attention:  Technical  Library 

Washington,  D.C.  20305 


Director,  Defense  Nuclear  Agency  1 

Attention:  Mr.  Jack  R.  Kelso 

Washington,  D.C.  20305 

Director,  U.S.  Army  Ballistic  1 

Research  Laboratories 
Attention:  Document  Library 
Aberdeen  Proving  Ground,  MD  21005 

Director,  U.S.  Army  Ballistic  1 

Research  Laboratories 
Attention:  Mr.  William  Taylor 

Aberdeen  Proving  Ground,  MD  21005 

Agbablan  Associates  1 

250  .N.  Nash  Street 
El  Segundo,  California  90245 

Dr.  Harold  Brode  1 

R&D  Associates 

P.O.  Box  9695 

Marina  Del  Rey,  CA  90291 

The  Dikewood  Corporation  1 

1009  Bradbury  Drive,  S.E. 

University  Research  Park 
Albuquerque,  New  Mexico  87106 
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Mr.  J.  W.  Foss 

Supervisor,  Buildings  Studies  Croup 
Bell  Telephone  Laboratories,  Inc. 
Whippany  Road 

Wliippany,  New  Jersey  07981 

Dr.  William  J.  Hall 
University  of  Illinois 
1243  Civil  Engineering  Building 
Urbana,  Illinois  61801 

Mr.  Samuel  Kramer,  Chief 
Office  of  Federal  Building  Technology 
Center  for  Building  Technology 
National  Bureau  of  Standards 
Washington,  D.C.  20234 

Mr.  Anatole  Longinow 
IIT  Research  Institute 
10  West  35th  Street 
Chicago,  Illinois  60616 

Or.  Stanley  B.  Martin 
Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  California  94025 

Mr.  H.  L.  Murphy 
Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  California  94025 

Research  Tr iangle  Institute 
P.O.  Box  12195 
Research  Triangle  Park, 

North  Carolina  27709 

Mr.  George  N.  Sisson 
Research  Directorate  RE(HV) 

Defense  Civil  Preparedness  Agency 
Washington,  D.C.  20301 

Dr.  Lewis  V.  Spencer 
National  Bureau  of  Standards 
Room  C313  - Building  245 
Washington,  D.C.  20234 

Mr.  Thomas  E.  Waterman 
IIT  Research  Institute 
Technology  Center 
10  West  35th  Street 
Chicago,  Illinois  60616 

Mr.  Carl  K.  Wiehle 
Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  California  94025 

Mr.  Eugene  F.  Witt 

Bell  Telephone  Laboratories,  Inc. 

Whippany  Road 

Whippany,  New  Jersey  07981 
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1 Mr.  Milton  D.  Wright 

Research  Triangle  Institute 
P.O.  Box  12194 
Research  Triangle  Park, 

North  Carolina  27709 

1 Mr.  Paul  Zigman 

Environmental  Science  Associates 
1291  E.  Hillsdale  Blvd. 

Foster  City,  California  94404 

^ Dr.  F.  J.  Agardy 
% URS  Corporation 
155  Bovet  Road 

San  Mateo,  California  94402 
Mr.  J.  R.  Janney 

1 % Wlss,  Janney,  Elstner  6 Associates 

330  Pfinsten  Road 
Northbrook,  Illinois  60062 

Mr.  Chuck  Wilton 
1 Scientific  Service,  Inc. 

1536  Maple  Street 
Redwood  City,  CA  94063 

Dr.  A.  F.  Dill 

1 X College  of  Eng.  & Tech. 

Northern  Arizona  University 
Flagstaff,  Arizona  86001 

Dr.  Nathan  M.  Newmark 

1 University  of  Illinois 

Civil  Engineering  Building 
Urbana,  Illinois  61801 

The  RAND  Corporation 
1 Attention:  Document  Library 

1700  Main  Street 
Santa  Monica,  California  90401 

Dr.  Mete  A.  Sozen 

1 3112  Civil  Engineering  Building 

University  of  Illinois 
Urbana,  Illinois  61801 

Dr.  Robert  G.  Splcher 
1 Department  of  Civil  Engineering 

San  Jose  State  University 
125  S.  7th 

San  Jose,  California  95114 

Mr.  Luke  J.  Vortman 
1 Division  5412 

Sandia  Corporation 
Box  5800,  Sandia  Base 
Albuquerque,  New  Mexico  87115 

1 Dr.  Merit  P.  White 

University  of  Massachusetts 
School  of  Engineering 
Amherst,  Massachusetts  01002 
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Mr.  R.  G.  Carroll 
Z C.  A.  Hill  & Associates 
P.O.  Box  2088 
Redding,  California  96001 

1 

Mr.  Bruce  R.  Newhard 
% RESG,  DCPA  Region  FOUR 
Federal  Center 

Battle  Creek,  Michigan  49016 

1 

Mr.  J.  H.  Iverson 
783  Ranger  Circle 
Foster  City,  CA  94404 

D.  L.  Leltner 

1 

2 

Mr.  Homer  I. . Newsome 
% RESG,  DCPA  Region  THREE 
Federal  Regional  Center 
Thomasvllle,  Georgia  31792 

1 

J.  E.  Trevor 

1 

Mr.  David  D.  Prothero 

1 

W.  L.  White 

1 

(RESG,  DCPA  Region  SIX) 

C,  K.  Wlehle 

1 

U.S.  Army  Corp  of  Engineers 

J.  R.  Rempel 

1 

135  South  State,  Room  322 

F.  C.  Allen 

1 

Salt  Lake  City,  Utah  84111 

G.  G.  Hoskins 

1 

— 

J.  E.  Beck 
H.  L.  Murphy 

Stanford  Research  Institute 
Menlo  Park,  California  94025 

1 

Mr.  Thomas  P.  Carroll 
Carroll  Associates 
4833  Rugby  Ave.,  Suite  203 
Bethesda,  Maryland  20014 

1 

Mr.  James  A.  Brown 
(SF  District,  C of  E) 
P.O.  Box  7579 

1 

Prof.  Wm.  M.  Miller 
126  More  Hall  Campus 
University  of  Washington 

1 

Santa  Rosa,  California  95401 

Seattle,  Washington  98105 

Mr.  Morris  Budnlck 
(RESG,  Philadelphia;  DCPA  Reg.  1) 
434  E.  Woodlawn  Street 
Philadelphia,  PA  19144 

1 

Mr.  Kenneth  E.  Edwards 
(RESG,  DCPA  Region  2) 

8830  Tldesebb  Court 
Columbia,  Maryland  21045 

1 

Mr . Charles  V . Dansby 
(RESG,  DCPA  Region  FIVE) 
3601  Grady 

Fort  Worth,  Texas  76119 

1 

Lt.  Col.  Jay  P.  Jellnek 
(MOBDES,  DCPA  Region  8) 

5428  Parkwood  Lane 

Mercer  Island,  Washington  98040 

1 

Mr.  Nicholas  DlTullo 
(DCPA  - R&E  Directorate  RE(GE)) 
8709  Stephanie  Road 
Randallstown , Maryland  21133 

1 

Mr.  Jean  LePage 

(RESG,  Kansas  City;  DCPA  Reg.  6) 

1125  Grand  Avenue 

Kansas  City,  Missouri  64106 

1 

Mr.  Franklin  C.  Egland 
X RESG,  DCPA  Region  POUR 
Federal  Center 

1 

Mr.  Chas.  D.  Powell 
(RESG,  DCPA  Region  6) 
797  South  Nelson  Street 

1 

Battle  Creek,  Michigan  49016 

1 

Lakewood,  Colorado  80226 

Mr.  Clovis  E.  Faltot 
(RESG,  DCPA  Region  TWO) 
102  Westdale  Court 
Tlmonlum,  Maryland  21093 

1 

Mr.  Louis  H.  Richie 
X RESG,  DCPA  Region  4 
Federal  Center 

Battle  Creek,  Michigan  49016 

1 

Mr.  John  A.  Haln 
(OCE) 

3530  Raymoor  Road 
Kensington,  Maryland  20795 

1 

Mr.  Rodney  P.  Schwartz 
(Ch,  RESG,  DCPA  Reg.  4) 

305  South  Moorland  Drive 
Battle  Creek,  Michigan  49015 

1 

Mr.  Donald  E.  Harris 
X RESG,  DCPA  Region  FOUR 
Federal  Center 

Battle  Creek,  Michigan  49016 

1 

Lt.  Col.  A.  M.  Stevens 
(MOBDES,  Maricopa  Co.  CD  & ES) 
16  East  Fillmore  Avenue 
Tempe,  Arizona  85281 

1 
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Mr.  Francis  E.  Sullivan 
(RESG,  DCPA  Region  1) 

6A  Old  Charter  Road 
Marlboro,  Mass.  01752 

Mr.  Jos.  U.  Tonkin 
Z RESG,  DCPA  Region  2 
Federal  Regional  Center 
Olney,  Maryland  20832 

Mr.  Roy  0.  Wilham 
(Ch,  EngServsDiv,  DCPA  Reg. 
2010  Wlmbleton  Drive 
Thomasville,  Georgia  31792 
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